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I. INTRODUCTION

A. Statement of the Task and General Approach

This report documents the results of the work performed under the
Pershing II Task Order DAAhOI-81-D-A003, Delivery Order 0038 (CT/EES
Project No. A-3165). The task order required that the following subtasks
be performed:

* The range safety problems which would arise if the motor nozzle
were unintentionally deflected during boost phase were to be evaluated.

* The aerodynamic simulation model used in a Pershing II computer-
simulation program was to be validated against actual flight test data.

e Computer simulation results were to be compared with actual flight
data for a set of Tactical Ballistic Missile (TBM) trajectory profiles.

The results of these comparisons were "to be presented in a form use-
ful for evaluation".

B. Background

The task documented with this report was an outgrowth of an earlier
task (Pershing II Debris Studies, DAAHO1-81-D-A003, Delivery Order 0017,
GT/EES Project No. A-2946). The earlier task was aimed at evaluating
launch and target sites for Pershing II firings, determining the effect of
varying aerodynamic conditions on the missile's flight behavior, and con-
ducting range safety studies. A follow-on task order request is in pre-
paration and will expand upon the work performed in support of these two
projects.

C. Contents of This Report

A detailed discussion of the subtask objectives and accomplishments
is given in Section II. Section III discusses the U70 and TRW simulation
programs used to carry out Pershing II missile simulations [1]. It in-
cludes a description of the U70 program and the computer on which it runs,
modifications that had to be made to it to support this task, and the
operational procedures for running it. It also discusses the problems
involved in converting the TRW program to run on the U. S. Army Missile
Command's Perkin-Elmer 3220 computer. Section IV discusses the results
that were obtained in the execution of this task. Finally Section V pre-
sents recomoendations for future work.



II. DETAILED OBJECTIVES

A. Subtask Objectives and Accomplishments

During the performance of this task, two of the three required com-
puter simulation studies were performed, using the U70 trajectory simula-
tion program [1] and the TRAJ targeting program. The third study, the
comparison of Pershing II computer simulation studies with actual flight
data, could not be carried out because flight test data were not available
during the period of performance of the task. The effort that would nor-
mally have been expended upon this comparison of flight test data and simu-
lation results was directed instead toward the implementation of a Maximum
Likelihood Method computer subroutine for data analysis.

Similar studies were to be undertaken using a new Pershing II simula-
tion program developed by TRW, Inc., but the full computer program could not
be obtained in time for use on this task. Its treatment in this report
is necessarily restricted to a discussion of the conversion and docu-
mentation of the program itself rather than the results obtained using it.
A more detailed description of the four subtask objectives is given below.

1. Flight Safety (Motor Nozzle Deflection) Study

The motor nozzle deflection study was a flight safety study con-
ducted to determine the breakup point of the Pershing II missile in the
event of an engine malfunction. A nozzle deflection would cause the
missile to deviate from its normal flight path. The objective of the study
was to determine how quickly the missile would leave its flight corridor in
the event of a spurious nozzle deflection and whether Range Safety would
detect this aberration in time to permit destruction of the missile before
it could endanger life or property.

2. Aerodynamic Model Validation Study

A validation of the aerodynamic mathematical model used in the
UT7O Pershing II digital simulator was required for utilization of flight
data. To compare the simulation results to the flight data, a statistical
technique called the Maximum Likelihood Method was to be used. This tech-
nique de-serves special mention because of its key role in the performance
of this task. This technique is used to fit theoretically predicted values
of relevant variables to experimentally derived values when the experimen-
tal values contain random measurement errors. Generally, the Maximum
Likelihood Method provides better estimates of the underlying true values
of variables than a least-squares curve fit because, in making its estima-
tee, the Maximum Likelihood Method uses a prior knowledge of the standard
deviations of instrument measurement errors as additional information to
help refine its estimates.
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3. Tactical Ballistic Missile Trajectory Study

The Tactical Ballistic Missile (TBM) study took the form of a
matrix of U70 runs with various flight paths along one dimension and dif-
ferent flight characteristics along the other dimension.

One launch site and three target sites were used to generate the
three flight paths. Then for each flight path, a set of three runs was
made for three assumed conditions - first, a "nomin"i motor" or unperturbed-
baseline flight plan; second, a ballistic re-entry vehicle flight plan in
which no aerodynamic corrections are applied to the missile during its ter-
minal re-entry phase; and third, a flight plan assuming offsets in target
latitude and longitude from its normal target location. Thus, a total of
nine runs were made for this study.

B. Conversion and Installation of The TRW Simulator

The TRW program is a six-degree-of-freedom simulator developed for
the purpose of validating Pershing II onboard software. This simulator
co>ntains aerodynamic modeling features and provides simulation capabilities
not found in the U70 simulation program - capabilities which the U. S. Army
Missile Command's Systems Simulation and Development Directorate, Systems
Evaluation Branch, seeks to add to its repertoire of simulation programs.
The job of understanding the program and converting it to the Missile
Command's computer was assigned to Georgia Tech as a part of this task
(A-3165). TRW delivered a copy of its program to the Systems Evaluation
Branch. However, when program compilation and link loading was attempted,
certain sections of the program, such as the MAIN control program and the
INTERP routine were found to be missing. These could not be obtained
during the period of performance of the task, and therefore, could not be
converted. Insofar as possible, the remainder of the program was partially
converted from TRW's Digital Equipment Corporation VAX 11/780 computer to
the System Simulation and Development Directorate's Perkin-Elmer (PE) 3220
computer after making minor changes to accommodate for the differences bet-
ween the FORTRAN capabilities of the two computers.

Although the installation of the TRW program on the PE 3220 computer
and the incorporation of its aerodynamic model within the U70 program is
not explicitly required in this task's scope of work, it is implicitly
required for the proper performance of the task. Since it has consumed
much of the task's effort, it will be discussed in this report as though it
were a fourth task objective.

3



III. THE U70 AND TRW SIMULATION PROGRAMS

A. The U70 Program

1. Description of the U70 Program

The U70 trajectory program employed in the performance of this
task, uses the given prelaunch, target, and flight conditions to simulate
the flight of a single-stage or two-stage missile and its associated
maneuvering re-entry vehicle. This program utilizes the equations and
requirements found in the Pershing Launch Computer and the Pershing
Airborne Computer to simulate the missile flight from launch through the
boost, midcourse, and terminal portions of flight to impact [2].

The U70 trajectory program runs on a Perkin-Elmer 3220 computer
system equipped with 800 kilobytes of random access memory, a nine-track
tape drive, three 67-megabyte disk drives, and five demand terminals
(including the system console). The simulation is coded in FORTRAN VII-D,
although it is probably compatible with other versions of FORTRAN.

The program is able to restart the missile simulation at any
time during the terminal re-entry portion of flight upon entry of data such
as time, position, velocity, and orientation of the missile at the desired
restart time, plus the restart data acquired from a previous simulation.

2. Modifications to the U70 Program

a. Modifications for the Motor Nozzle Deflection Study

For this study, modifications were made to the U70 program's
BAPLT (Boost Autopilot) subroutine to enable desired deflection angles to
be input at some time during boost. These modifications are as follows:

MODIFICATIONS TO BAPLT

470 CONTINUE
IPND - ICON(50)
IYND - ICON(51)
IF(IPND .EQ. 0) GO TO 453
IF (TIMC .LT. CIN(382)) GO TO 453
DNV (1, 1) - CIN (380) * DTOR

453 CONTINUE
IF(IYND .EQ. 0) GO TO 454
IF(TIMC .LT. CIN(382)) GO TO 454
DNV (1, 2) = CIN(381) * DTOR

454 CONTINUE

RETURN
END

4



b. Aerodynamic Model Flight Validation

As mentioned previously, the Maximum Likelihood Method (MLM)
of data correlation was intended to help fit the simulator-generated aero-
dynamic flight data to the actual test-flight telemetry data, i.e., to
"average out" random telemetry instrumentation errors in order to provide
more meaningful comparisons between the simulated and experimental results.
The machinery for accomplishing this was incorporated into a new U70
subroutine called DATACORR. The addition of DATACORR to the U70 program
required the creation of a new link procedure, TU70LINK.CSS, which builds a
new task called TU70.

The TU70 task requires as inputs the instantaneous inertial-
frame X(t), Y(t), and Z(t) position coordinates and 0(t), e(t), and 0(t)
(roll, pitch, and yaw) angular coordinates of the missile and their time
derivatives (where t represents time). For program checkout purposes,
constant offsets have been programmed into the inertial position and rota-
tion inputs. Since the MLM uses an iterative technique, an upper limit
must be entered on the number of iterations that the computer is to attempt
before giving up (in case the iteration sequence does not converge).
Finally, a 6 x 6 matrix of standard deviations and cross-correlations of
measurement noise must be entered for the three position and the three
rotation coordinates at t - 0, e.g., at launch (Table 1).

This matrix contains in its [1, 1] location, the variance (02)

of the instrumentation measurement errors of the missile's x-coordinate at
t = 0. In its [1, 2] location, it contains the mean square error in X due
to an error in Y (a~), and so forth, for all 36 elements. These TU70

input requirements are summarized in Table 2. The coding for the DATACORR
subroutine is reproduced in Appendix A.

c. Data Format Modifications for the Tactical Ballistic
Missile Simulations

Modifications were made for the Tactical Ballistic Missile
trajectory simulations to provide the same output format for all stages of
flight. Different variables were output for the boost and for the re-entry
stages; these variables were combined to produce one block of output data
for both stages. This required changes in the BOUT (Boost Output) and
RVOUT (Re-entry Vehicle Output) subroutines. These changes are documented
in Appendix B.

5



TABLE 1. COVARIANCE MATRIX OF MEASUREMENT NOISE, N
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TABLE 2. TU70 INPUTS FOR THE DATA CORRELATION FEATURE

INDICATORS:

CIN(75) - Contains an on-off "switch" for the data correlation feature
(0 - Off, I - On)

CIN(70) - Contains an on-off "switch" for the computation of the transpose
of the sensitivity matrix, S (0 - Off, I - On)

CONSTANTS:

CIN(499) - Contains the number of experimental data points

CIN(498) -x2

CIN(497) = ay2

CIN(496) - az2 Contains the initial inputs of the co-
var.Lance matrix of the measurement

CIN(495) - a8
2  noise (assumes a diagonal matrix)

CIN(494) - a02

CIN(493) - aq,2

CIN(492) - E6

CIN(491) - E0
Contains the error-vector differences

CIN(490) - E* between the measured and computed values
of x, y, Z, 8, 0, and

CIN(489) - Ex

CIN(488) - Ey

CIN(487) - Ez
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3. Instructions for Using the U70 Program

A description of the procedures for compiling, running, linking,
restarting the program, and making output tapes is given in Appendix C,
together with a list of the .CSS files used to accomplish these tasks, and
a list of the U70 source files.

The TU70 program contains an array of input constants and indica-
tors called CIN. Table 2 contains definitions for the constants and indi-
cators which serve as inputs for the DATACORR subroutines for the TU7O
task.

B. The TRW Program

1. Compiling the TRW Simulation Program

The TRW program was originally set up for interactive com-
pilation, program linkage, and execution. However, in converting the
program to the Perkin-Elmer 3220 computer, it became necessary to switch to
batch mode compilation and linkage. The reason for turning to batch mode
operation was that not every file or function required by the program is
present in the program itself. Some of the necessary information is stored
in independent files, and operating in batch mode permits these independent
files to be found during compilation and to be linked to the MAIN program
during the program linkage phase. To accomplish this result, the SBATCH
command had to be placed at the beginning of the program, the $BEND comand
at the end of the program, and the SPROG declarations put at the beginning
of each subroutine.

Next, a "compile file" was produced by modifying a copy of the
systems file F7CAE.CSS (which contains the FORTRAN VII compiler and the
linking loader) and then using it to compile the TRW program. Compilation
time was saved by compiling one subroutine at a time, producing an object
code image and saving it in a separate file, and then linking it together
with other object code subroutines during the link phase. This meant that
only those subroutines which had been updated had to be recompiled.

F7CAE.CSS is a procedure which compiles and links any program.
The compiler in F7CAE.CSS uses system file F7D.TSK to produce an object
file and F7D.ERR to record errors found during the compile phase. The
F7CAE.CSS link loader processes object files generated by the compiler and
creates a task file for execution. The link loader also creates a load map
and provides a record of any undefined external references or symbols.
Appendix D lists the file names used by the TRW program and Appendix E
lists the program's subroutine names and calling sequences.

8



Of the many error messages which surfaced during the first com-
pilation, a substantial fraction was associated with VAX-peculiar FORTRAN
INCLUDE statements. INCLUDE is a VAX FORTRAN compile-time command which
causes the compiler to copy a disk file into a program - typically, a file
containing COMMON and EQUIVALENCE statements. This permits a simple
INCLUDE statement to be substituted in subroutines for the extensive COMMON
and EQUIVALENCE statements that would ordinarily be found there instead.
This practice not only reduces the amount of effort required to write and
update the program but also reduces the chances of making a mistake in
coding, since the COMMON and EQUIVALENCE statements only have to be updated
at one place in the program rather than in every subroutine in which they
are referenced.

Another VAX-peculiar FORTRAN VII enhancement is the DO WHILE com-
mand. Since the DO WHILE statement is not recognized by Perkin-Elmer's
FORTRAN VII compiler, it was necessary to replace DO WHILE's in the
original program with ordinary DO statements in the Perkin-Elmer version of
the program.

The above modifications constitute the principal programming
changes that have so far had to be made to the TRW subroutines in order to
convert them from the VAX 11/780 computer to the Perkin-Elmer 3220 com-
puter.

2. Subroutines Missing From the TRW Program

As mentioned in Section II.E., the TRW simulation program was
delivered with some major portions of the program missing. The most cri-
tical missing subroutine was INTERP(Interpolation) which, by interpolating
large data tables, would have provided the thrust characteristics, mass
properties, and aerodynamic data needed to simulate the flight. The main
control program, MAIN, was also missing, although a program SDCTRL
(Six-Degree-of-Freedom Control) was found which seems to perform similar
functions. Essential portions of the program that were required to simu-
late steering, guidance, and navigation in the Pershing Airborne Computer
were also missing. Finally, an error message routine ERRMSG was missing.

a. INTERP(Interpolation)

With the aid of a former developer of the TRW INTERP routine,
a prior version of INTERP was located in an earlier edition of the TRW
simulator and efforts were made to understand it and use it in the current
version of the TRW program. At the heart of the INTERP routine is the
above mentioned involved set of aerodynamic tables, organized in a way that
minimizes storage requirements without unduly increasing run times. A
discussion of what has been learned about this multi-dimensional data table
is presented in Appendix F.

9



b. MAIN and SDCTRL (Six-Degree-of-Freedom-Control) Programs

After finding that the MAIN routine was missing from the TRW
simulator, efforts were begun to develop such a function-controlling
routine. An earlier version of MAIN was found in a program listing and the
listing was used to help understand what was needed to recreate a current
MAIN routine. A flowchart of this early version MAIN routine is contained
in Appendix G. Appendix H contains a flowchart of the SDCTRL routine.

c. The Output Processor

The TRW simulation program has an output processor which takes
advantage of large arrays to store values of variables for output. These
arrays are saved in three groups named BIG0IR, BIGOIt, and BIGOID, which
contain Real, Integer, and Double Precision variables, respectively. These
output-variable values are transferred to the BIG01 arrays for use by the
output processor through EQUIVALENCE statments located in each
subroutine [1]. Each variable stored in BIGO1R, BIG01I, and BIGOID is
stored on a disk file BIGOI.DAT. The names of these variables are listed
in Appendix I.

3. Tape-to-Disk Conversion of the TRW Program

TRW delivered its simulation program to the System Evaluation
Branch on a nine-track 1600 bit-per-inch tape. This was loaded onto a
Perkin-Elmer 3220 disk pack using the following procedure:

Mount the tape on a 1600 bpi tape drive.
> COPY
> AL FILEI.FTNIN,80
> OUT FILEI.FTN
> COPY *,*

10



IV. RESULTS

A. Flight Safety (Motor Nozzle Deflection) Results

As mentioned earlier in Section II,B, this Pershing It missile simu-
lation was carried out using the U70 simulator to determine what would hap-
pen if, through some hardware failure, the nozzle were accidently deflected

during a live missile firing. In carrying out these simulated flight
tests, the missile was allowed to "fly" unperturbed (in the computer) for a
short time. Then the motor nozzle was deflected by a pre-determined angle
and the simulation continued until either the missile's total angle of
attack exceeded 15* or the normal (perpendicular to the body of the
missile) acceleration exceeded 5 g's. Either one of these occurences was
assumed to generate sufficiently unstable conditions that breakup of the
missile would occur, so the simulation was terminated at that point.

The spurious nozzle deflections were assumed to occur at 30 seconds and

at 49 seconds into the flight. The 30-second flight time was chosen
because, at 30 seconds, the aerodynamic forces acting on the missile would be
at or near their maximum, i.e, a worst-case condition. The 49-second
flight time was chosen because it is almost at first-stage burnout, and is

a time when missile failure is likely. Three nozzle deflection angles were
tried, 0.50, 2', and 7.60, first in pitch and then in yaw, leading to a
total of twelve cases (two deflection times and three nozzle deflection
angles, first in pitch and then in yaw). All the cases were simulated
flights from McGregor, New Mexico, to McDonald's Well, New Mexico, with the

targeting conditions given in Table 3 below. Before presenting these
results in detail, some data comparison problems need to be discussed.

TABLE 3. LAUNCH SITE AND TARGET

McGregor, NM LAUNCH SITE

Latitude - 32.095750
Longitude - -106.2035 °

Altitude - 1251.0000 m

McDonald's Well, NM TARGET SITE

Latitude - 33.1135800
Longitude - -106.35897 °

Altitude - 1228.00000 m

11



In order to provide a standard by which to compare the deviated-
nozzle runs, a nominal or baseline simulation was run in which it was
assumed that the missile followed a nominal, undeflected flight plan.
Since the deviated nozzle results were printed at 0.1 second intervals, it
would have been advantageous to have also printed the baseline results at
0.1 second intervals for purposes of comparison. Unfortunately, the large
volume of printout generated by the U70 program made it impractical to
print results at 0.1 second intervals, and the results were available only
at 1.0 second intervals. Consequently, the baseline results had to be
interpolated at 0.1 second intervals in order to compare them to the
deviated-nozzle results, i.e., a direct comparison was not possible.

A second data comparison problem resides in the fact that, for
unknown reasons, the first data points in the deviated-nozzle simulation
printouts (the results for 30.0 seconds and the results for 49.0 seconds)
are invalid. These 30- and 49-second numbers are not random but seem to
come from some earlier time in the flight. Subsequent results appear to be
correct when compared to the unperturbed flight results. For example, the
interpolated unperturbed flight results for 30.1 seconds agree to four
decimal places with the deviated-nozzle results, with subsequent data
departing from the baseline data in a regular and reasonable way. It is
the authors' conclusion that the faulty first point in each set of numbers
was the result of a print-routine malfunction rather that an error in the
deviated nozzle results. However, the reader needs to be aware of this
characteristic in the data.

Figure 1 depicts the missile's flight path for an unperturbed flight
plan and for the three different yaw-axis nozzle deflection angles looking
down from above when the nozzle deflections occur 30.0 seconds into the
flight. Figure I is a plot of downrange coordinates versus crossrange
coordinates. The "straight line" in Figure 1 represents the path of an
unperturbed missile. (It curves about 1 to the right but the curvature is
too small to be visible in the plot.) For all three deflections, the
missile disintegrates because the yaw angle of attack exceeds 15" rather
than because the normal acceleration exceeds 5 g's. Note that for the
smaller the nozzle deflection angle, the farther the missile can travel
before it reaches the critical angle of 150.

Figure 2 shows a similar plot when the nozzle deflection occurs 49
seconds into the flight. Note that the flight path deflections appear to
be smaller than they were when the nozzle deflection occurred at 30 seconds
(Figure 2). In reality, the deflections are the same but the velocity of
the missile is greater, and this increases the horizontal scale of the
plot. (The results for a nozzle deflection of 7.6* are missing because of
a faulty computer run.)

12
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Figure 3 shows a plot of the missile vertical pitch angle versus its
downrange coordinates when a nozzle deflection in pitch occurs at 30
seconds, and Figure 4 depicts similar plots for the 49 second pitch nozzle
deflection.

Figures 5 through 8 show how the normal (lateral) accelerations of
the missile vary with time. An examination of these curves confirms that
in every case, the simulated flights terminated before the normal accelera-
tions exceeded the destructive limit of 5 g's, i.e., the flights terminated
because the missile's total angle of attack exceeded 150. There is an
interesting tendency for these normal accelerations to rise, dip, and then
rise again. No simple explanation has been advanced for this behavior,
although the Pershing II guidance system is sufficiently complex that a
complex response might be expected in the event of a major nozzle deflec-
tion malfunction. (The results for a nozzle deflection of 7.60 are missing
because of the faulty computer run mentioned previously in connection with
Figure 2.)

These simulations show that the missile would leave its allowable
flight corridor and exceed the allowable angle of attack within approxi-
mately one second.

B. Aerodynamic Model Validation Results

As mentioned in Section II.B., this study could not be completed
because Pershing II flight test data were not available in time.

In support of this task, the DATACORR subroutine, incorporating the
Maximum Likelihood Method of data correlation, was written, compiled, and,
insofar as possible, was tested. However, one important part of this
subroutine, the derivation of sensitivity coefficients, was not completed.

C. Tactical Ballistic Missile Trajectory Results

As mentioned in Section II.C., nine U70 runs were made for this study
for nine input trajectory profiles. Three of these profiles entailed off-
sets in target latitude and longitude.

When the study was completed, the results were output on tape and deli-
vered to the sponsor.
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D. Conversion and Installation of the TRW Simulation Program

Some of the details of the TRW program conversion have been discussed
in Section IIIoB., and in Appendices D through I. A summary of the results
is as follows:

1. All subroutines except those missing from the incoming
program tape were converted and successfully compiled.

2. The organization of the INTERP tables was deciphered and
documented (Appendix F).

3. The MAIN and SDCTRL subroutines were flowcharted (Appendices
G and H).

4. A linking task builder TRWLINK.CSS and a compiler task builder
DAVEF7.CSS were created to accommodate the TRW program.

22



V. RECOMMENDATIONS FOR FURTHER WORK

A. Flight Safety (Motor Nozzle Deflection) Recommendations

One of the recommendations for future work is to carry out these
evaluations, re-running the simulation with print statements that monitor
the moment-by-moment variations in the angles of attack, the down-range and
cross-range coordinates, and the inertial flight path angles before,
during, and after the moment when the nozzle deviation occurs.

B. Aerodynamic Model Validation Recommendations

Reco-mmendations for future work consist of completing the DATACORR
subroutine and carrying out the study using actual flight data.

Normally, in employing the Maximum Likelihood Method, all the com-
puted constitutive forces and moments that make up the total X, Y, or Z
forces or 0, 0, or 0 moments (constituents of lift, drag, etc.,) are com-
pared individually, with their equivalent measured values. However, the
aerodynamic model used in the U70 simulator is not yet sufficiently
detailed to permit making these comparisons because of the difficulty of
attributing corrections to individual components of the U70 predictions, so
the comparisons are to be made at the level of overall body forces and
torques. For this reason, the DATACORR subroutine doesn't presently output
its force and torque corrections to the main U70 program. However, future
plans call for the upgrading of the main program to provide aerodynamic
modeling at the constitutive level. When that is done, the DATACORR
subroutine and the TU70 task will be upgraded to output these corrections
to the U70 program.

C. Tactical Ballistic Missile Trajectory Recommendations

Recommendations for further work depend upon the sponsor's require-
ments.

D. Conversion and Installation of the TRW Simulation Program

The Maximum Likelihood Method correlation technique being used to
validate the U70 simulator predictions against actual flight data (Section
II.C.) should be used to evaluate the TRW simulator.

Recommendations for future work consist of completing the conversion
and installation of the TRW program, using it to simulate Pershing II test
flights, and comparing its results with the actual test flight data.

23
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APPENDIX A
CODE LISTING FOR THE DATACORR (Data Correlation) SUBROUTINE
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TABLE A-i. CODE LISTING FOR THE DATACOIR SUBROUTINE

%FROG AS9YWCW -

* 9J3ROUTINe 'DATACORq

S14CLUDE 9,UTOTIM.COf
*** SEGIN COMMON PACK **

IMPLICIT DOU3LE PRECISICN (A- -4C-Z)
REAL C3VCUR3VoDCBDCISCDsSCIpPSAVE
COMMON CIN(400),SCO(11'C),SCI(11OO),DCS(7200),DCI(4O)
CO'MMCN TITL(12),TPAJ(30),TAB(50),TTA3(9C),CUR3V(3300),DUM2(10)'
COMPON TCON(100),IDE(32),IDC(33),IDI(32).ISC(31),IS1(30)oIND3V(1
COMMON N!8 (32). NDI(32).NSI(30).NSTR(30)•NTV(3,10),IALIGN
COMMON /CONST/ A13 ,423 ,A33 PCOS8L ,COSPL ,CPSIA ,CTHA o

I CXNUP .CXNUY .DTCR .D2AC2 •Fll ,F12 ,F13 0
2 F21 ,F22 .F23 .F31 vF32 -F33 ,RL 1
3 RORES PRTOD ,SINSL ,SINPL •SPSIA ,STHA ,SXNUP
4 SXNUY FS11 •S12 •S13 •S21 •S22 •S23

S31 ,S32 ,S33 .TANPL ,TOLH ,TOLID ,TOL2D
Ull .U21 .U22 ,U23 "U31 ,U33 'PI

7 COT ,SOT ,PIC2 ,TWOPI ,THIRD ,SQRT2 ,SQRT3
P104

COMMON ACA ,ACCEL ,ACR ,ACq4 ,ACR5 ,3PINT ,BYINT ,CGDE
CCAMN DSA4S .oGGT ,ORHO .0VEL .GA!MC 52AMME GAMRE .IGUID
COMMON I'CD ,ITHP ,JYA* ,PHIPE ,PHIRE ,PHIY; PriPEC ,PHPEP
COMMON F4YFC .PHYE* .PSIC .PX .PY . .Z ,RCX .RCY
COMMON RCZ ,RD ,ROD ,RMAG ,SGDE ,SGE ,S5G *TFF
COMMON TFFS ,TGE ,TGN ,TGS ,Tr4ETAC,TI4PL ,URANX ,URANY
COMVON URANZ ,URAX ,URAY ,URAZ ,URAZX ,URAZY ,URAZZ ,URX
COMMON LRY UFZ .VE .VEX .V'XS ,VEY ,VSYS .VEZ
CCMMDN VEZS .VID iVLEX ,VLEY ,VLEZ ,VR •VRE ,VREH

CCrOPN V*EHX .VREHY ,VREHZ ,ZD!FF ,ZETAE oZETRE ,ZINTC ,ZINTP
:OM ON ZINTS

COMMON AA1 ,AA2 ,ALDDTC,ALDDTS,ALOADF,ALOADSALPDDE,ALPH D
COMMON ALPHP ,AL2HPD,ALPHPSpLPHT ,ALPHT ,ALPHY ,ALPHYDALPMYS
CO4MON ATC ,ATP .AX ,AY ,AZ ,All ,A12 ,A21
COMMON A22 ,A31 ,A32 ,3B2 ,8EDDTC,3EDDTS,eETADDp9ETAP
CCMM3N cETAR ,3ETAY ,SETAW ,8ETDDE,2TC ,STP ,811 P312
CCMM0N z13 ,9?1 ,222 ,923 ,331 •332 ,833 .CA
CO'mCN CAAD ,CAAY ,CAIN ,CLP ,CMQ .CMXP CN ,CNAPD
COMMON C4AYD ,CNP ,C"G ,CNVDO oCNVDP .CNY ,C4Z PCOSPSD
CC1qON CJSTHDCPHI ,CPSI ,CTHE ,CY oCYP ,CYR ,Cll
CCvON C12 ,C13 ,DELTA1,DELTA2,DELTA3,DELTA4,DFP PDFR
COMMON DFY oDT ,DV7C ,DVTP ,DVTS ,D11 .D12 ,D13
COMMON C21 , )2 .D2! ,D31 ,D32 ,D33 ,DELC ,EDLC
CC'YON E:DLC ,2PADC 7-PpDS ,PwIC ,EPHIP ,EPHIS ,EPSDC ,EPSDS
COMY3N EOSIC fSPSI0 ,aSIS ,ETA ,ETHAC ,ETHAP ,ETHAS ,ETHDC
CO;A.3% E7HDS ,FE ,FP ,FROLL ,FSL ,FT ,FX .FXM
COVY-N FY ,YAV .FYAw ,rYm -FZ .ZAV oFZM PG
CCMm3N 6A ,GA D^TCGAD)TS,GAMDD ,GAPDCS, R ,GTC ,GTP
zCmMOs 0 , 9DT ,H11 ,-112 ,H13 ,421 ,H22 ,H23
CO "Oh "31 .412 ,!3 ,IAFFO ICN ,'CO ,IDINT PIDISC
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TABLE A-1.* CODE LISTING FOR THE DATACORI SUBROUTINE (Continued)

COMMON IDT PICUSL PIENV P1FAIL PlFf PrFINC PIFL ITTU
COMMON I'41J PINT pI4AJ oINISS PINDH PINDT PIN4T oIPAGE
COMMON IPLOT ptP4T PIPONT oIPRC* PXQJU PIRUN eISE4 P!S14TH
COMMON ITA P173 vrTC ,ITI4R oITOLB sITPOS PITT .IUXT
C0414ON IUPD vIVAC PIWO PIWIN PJSTG ,I(FLAG ,ICSTG PLBCNT.
COM4MON LINC PLINTOTPRAJ osMSAL ,t4TPU -P rPC -PDC
CAPO~N Pos ,PD ,PNY .-is 4 b , Pu qxr, w- mc P ,P am c Pp p
CCMNON PS ,PSI oPS1D oPSIE iPTIN sPXPC ,PXPP ,PXPS
COMMON FYPC POYPP ,PYPS P~ZPC ,PZPP ,PZPS ,Pll 'P12
COMMON P13 'P21 ,P22 ,P23 ,P31 ,P32 ~P33 02
COMMON ;A 'Q QDC ,2DS 'QMIN POP 'QS R
COMMON AIM P~C ,RDC .RDS PRET ;RHO PRO ,RS
COMMON SIGMAPSIGMAYSINPSD,SINrNDSPHI ,SPSI PSTHS ,SXGZZD
CCM"CN T30 pT9S PTDIFF ,TDT PTEMPI pTEMP2 ,TEMP3 ,THETA
COMMON 74ETAD,TWETAE,THETL ,TIMC oTIMP PTIMS ,TLrm ,TST
COMMON TSTMlAX,TS'?mIN,TTT PUMA ,VIXC ,VIXP evIXS ,VIyC
'CP!ON VTYP ,VIYS ..VIZC PVIZP xVIZS oVMA PVN PVPRIX
COMMON VPRIY ,VPIIZ ,VPW PVRXP ,VRYP eVRZP PVS ,VW
COMMON VWE oV'.si .VX IVY 'vU- ow WACS ,WACBS
COMMON 'AD ,WDAC3 PWDACBS,WDS ,WG ,WINq ,WMA 'WP3
CC!ON WOOS oWPN -PUPS 'Ws FXC PXDC ,XDDC ,XDDS

COM.~UN XDG oXDIN oXDP ,03D xXEL -XET -X"N ,XIXX
COMM9'ON XIYY ,XIZZ tX(N ,XLAF PXLAM14 XKLPM ,XLCP ~XLll
COIFON XL12 ,XL13 ~XL21 ,XLC? ,XL23 PXL31 ,XL32 ,XL33
COWMON XM ,XFAID PXMqASS ,XMAX ,XMAY PXMAZ ,XIAVX PXMAVY
CO"'MON XMAVZ ,XPC XMtFX PX*FY pXMFZ .XMSP PX'ITX rXMTY
COlM) XMTZ -XtXAS-XMY.ACS.*XMZACSoXNLOAF.*XNU ,X4Vl XNV2
COMMON XNV3 oXF ,XPC ,XPDC ,XPDD PXPDS ,XPP ,Xps
COAMON X3 ,YC PYiDC ,YDDC YDDS ,YDG ,YDIN~ YD*
COMMON YDS YEL ,YET ,YMAID ,YP PYPC ,YPDC ,YP9O
COMMON YOS ,Ypp ,YPS 'YS PZC ,ZDC ,ZDDC ,ZDDS
COMPM)N ZDG ,oZIN PZ0P ,ZDS PZEL .ZET PUN ZMAID
1C'MON Zp PZPC PZPDC aoD 'ZPDS PZPP 'ZPS 'Zs
COMMON Z11 ,Zz2 -Z'A3- ,ZZ4 'ZZ5 ,ZZ6 ,ZZ7 ,ZZs

COjMV'N ACC ,ADF11 PADEI2 ,ADE13 ,ADE21 PADE22 PADE23 ,ADE31
COMMON ADE32 PAD233 PALDC ,ALDCL ,ALPHFL,ALPHYL,ALPC ,ALRC

CCM!OON ALYC ,ALRFP pALRFY ,ALTC oALTCL ,AMAX ,ADEST ,AYEST
COMM^CN ARX PAPY oAP tiR BETA 3~ETASH,9':TASW,CA0
CCO"YCN CA8ASSF.ASF PCNLIM ,CUN ,CUE OCUD 0;-LPA DOELRA
:C'MON COELYA DOELPL PDFLRL oDELYL ,DLAM ,DLAMD PDVN PDVE
'CMON CVD 'ENSCS PEECS oER.ALT PGADPC PGADDPC,GADDPS,GDDDP
CC"'43N G4DYC ,GADDYC,GAV)YS,'3DDDY ,GAFMADoGAMMAT,GDDC sGDDCL
CL'MMON C-DP G~DC PGDYC PGDPX ,GDPY o.3DPZ GC-TC ,GDTCL
COMMON CLIM PHA3S P4OOT -4NAV ,HPCS ,IASW rIATM ,IBSW
CC4M(YN I'DUM !IF.L PIGAIN ,ILAG PILAST PIR4EF ,IRUP ,ISCS
CCMMvN 13E.. jIZD oIST-'R ,JESk N S DHIAL PH'CMD,PMIGD
'C"MONi P'41TA3pPN ,ps ,po OPOS P0IUN sPUE ,"UD
CCV00'4 P<E -4G OIOG? R~UX ,RUY ,.AUZ ,TEJ ,TG
r.M)4ON TLAV - TL A000 #TPO ,TRTN P UPC ,UQC ,UYC ,VMS

3 NV4AV ,VX3 pvys PvZs PWAP XAFAIL ,YFAIL PZFAIL
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TABLE A-I1. CODE LISTING FOR THE DATACORR SUBROUTINE ( Continued)

CORMON XMT PXPTD .'VMT PY"TO PZMT vlMTD

END COM40N PACK *

CORnMOh/OTNERS/AC vACP RACPX eACPY PACPZ eACX 'ACY 'A
1ACZ rAPI(2pl4) -APC ,APFB ,AYC PAYFB PCGE PCLDM A
2CCSTC eDGAMC rDNVC2o6) 0,EpP ,EYP oFEEP PGAJ'MCSGA"MG',
31ACFLG,IAPFLGIB',O PID83 PID84 PID95 PID'86 PDI3 oID14 A
41015 oIDI6 eICOF PIGAFLGP'IPOFL oPMX -PMY ,P~qz ,GAP
5SINGC PSINPC PSINTC PTGSM oTGSMS ,TTIM4P ,TVACF PTVACP PTll ~4
16T12 jT13 PT21 ,T22 ,723 jT31 oT32 -T33 ,VG
7VIS _I!rSN XDMAP),PX1(4)A #YIN______20

7VIS ,'fiS D.XMA).P ,PRAPGY(,HV44(O
0IME14SICNT DCGC54)PPCG(54)
DI!4ENSICN AS(6,6)vSAS(6,6)PAA(6,6),-AATC6,-6).AS1 (6j6)
DIME14StCN AL(6,6)oAM(6'6),AM1 (6o,6),AE(o),-AN(5,1)

DIMENSICN X(6,1 2)pWORK(1 2) ,IiLDC6)
DATA DM61514 TSEP514 PHEP5'4 PSEP5H XE.5t4 YE,5H ZEo
1 5~4 THCp5i4 PHCf54 PSCp5H XCCp5H YCCpSH ZCC.
2 5H4 THDCr5H PHDCp54 PSDCe5 XDCCp54 YDCCp54 ZDCCp
3 54T4DDC,5HP-4DDC,5HPSDDC,5l4XDDCC,5HYDDCC,5HiZDDCC,

5H4 AAI1,5H kA12p5H AA13,54 AAI4,54 AA15'51 AA16,
5H4 AA2I,514 AA22p5H AA23o5H AA24,5H AA?5,5H AA26,

7 514 AA3I,54 AA32,54 AA33,3H AA34,5H AA35e54 AA36,
-514 AA41p5H AA42.51 AAI.3p51 AA44o54 AA4S,5H AA46,

514 AA5I,54 AA52p54 AA53,54 AA54o5 AA55,5H AA56,
A '54 AA6I,54 AA6?,514 AA63,5H AA64,54 AA65,54 AA66,

5H IXX,5'4 IYY,54 IZZ,5HII'ASSI
DATA DCC'/5H AS1I,5H AS12,5H AS13,-14 ASI4,54 AS15,54 ASI6,
1514 AS21,51 AS22P5'i AS23,Srt AS24,54 AS25f5i AS26o

2 514 AS31,5I AS32,54 AS33.-5H AS34.-5H AS35,!HI AS36,
-514 4S4I,5H AS42,54 AS43,514 AS44,54 AS45f54 AS46,

4. 514 AS5I,514 AS52,514 AS53p54 AS54,r5H AS55o5 AS56,
5 5H4 AS6Ip5H AS62,54 AS63p5H AS54p54 AS65,54 AS66,

c5H4 D11,54 DC21,5rl DC31,5H DC41p54 DC51,54 DC61,
7 5H4 AR11,594 AR21p5ln AR31,54 AP4I,54 AR5I,S'4 AR6I,

5H4 AE11,54 AE2l,54 AE31,54 AE41,54 AE51,54 AE61
i-QUIVALENCE (HANKC1),X'DDTC) ,CIANK(2),YPDDTC)i CHANI(3),ZDDOTC)

IF CIPRNT .EQ. 1) RETURNI

C INITIALIZATIO3N 0014S INLY CNCr-tINTFRVAL

lF(JJJ.El.1) GO rC 5
KK!(:O

5 CONTINUE

C NG. EXOEVI"ENTAL DATA PCINTS-1~4PUT
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TABLE A-i1. CODE LISTING FOR THE DATACORI SUBROUTINE (Continued)

W$R1TEC6oill) Kf(KoN

I1l FORPMATC/55XCSNITERVAL,3X,131H-,-I3,-/)

1112 FO9NAT(56Xp' TI4E 'pGI 57)

C COVARIANCE MATRIX!NITIAL-INPUT
C

IF(KKIK.EQ.1) GO TO 15
DO 15 1=1,6
DO 15 J1,p6
AS (IJ)=SAS(IpJ)

15 CONTINUJE
IF(XKK.ST.I) GO TO 10)
DC 40 1=1,6
DO 40 J=1,5
AS (1,J)=t)*

40 CONTINUE
ASCIp1)=CIN(393)
AS UZ,2)=CIN(397).
AS(3,3)CI.0(39)
AS (4p4)=CIN( 395)
AS(5p5)=CIN(394)
AS(d,6)=CIVJ393)

I') CONTIN~UE

C U711 VAL.LES! TAKZEN AS COMPUTED
C AND) EX0 EzIY ENTAL DATA-TNOUT

TH4E=TH=-7A
Pmt=PH I

THE=TH+CIN(392)
PHE0HE4CIN (391)
~PSE2+cIN39)

TH CTH :T A

TNDC=Tr4ETA )
0 HDCP410
PSDC=PSID
TN DOC= .DOC
PHDDC=0DC
PSDDOC=CC

GSTzCINC 21)
EYX=XIXX*C-"-T
EYY=XIYY*I-sT
IZZ=XIVY*G'#T
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TABLE A-i1. CODE LISTIN FOR THE DATACORR SUBROUTINE (Continued)

YCC=BTC
ZCClkGTC
XDCC=A1 1*VX+AI 2*VY+AI *V:
YDCC=A21*VXA22*VY+A!3*VZ
LOCCA'=31 *VX+A732*VY+A33*VZ
XDDCC=XPDDTC
YDDCC=YF DorC
ZDDCC=ZPDDTC

C
C ERORR M ATRIX

AE (1,1)THE-THC
AE(2,1 )=PHE-PHC
ASC3pl1)=PS=-PSC
AE(4,1 )=XE-XCC
AFC5p1)=YE-YCC

C INERTIAL TO M~ISSILE MATRIX-A3
C

CTHC OS (TRC)
STL4C SrN (T4C )
cp~$c~C3~(P~IC)
sric=s~im P c,
cpsc=c OS (P SC)
SPSC:SIh (PSC)
Ajl1=CPSC*CTHC-S7SC*SPHC*STHC
A212L'CTH.C*SPSC4STHC*SDP4C*CPSC
4 P1 3 =- ST ! C *C H C
Ae 21 =-Sr- 3C *C HC
A922=CPHC*CSC
AFeZ3=SPHc
kP31=CPSC*'ST4qC.CTHC*SPHC*SPSC
AE32=STkC*PSC-CTIHC*3P'4C*CPSC
A633=CTHC*CPHC

c SENSITIVITY MATRIX
C

AA(1,2)r
AA(1,.3)=
A 4(1,4) =
AA(1,5)z

~A CZ,1)=

AA ( ,4 )=
AA (2,5):
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TABLE A-I1. CODE LISTING FOR THE DATACORI SUBROUTINE (Continued)

4A(2,6):
4A (3 1 )
A A ( 3,2)
AA(3p3)=
AA(3p4)z
AA(3,5 )=
AA(3,c)=
AA (4p1) =
AA (4,Z)
AA(4,3):
AA (4,4) =
AA(4s5)=
AA(4pd)=
AA (5,1 )z
AA(5.2)=
AA(5p3):
AA (5,4)=
AA(5,5)=

AA (6,1 )=
AA (6,2)-

AA (t,4)=
4A(6p5)=
AA(6,c)= *

* MAI,% 3RCJP PPI'NT ORDER
C

OVAG( 1)=THS

~'C4)=<E
*Y,( 5):YE
.IWG( 6):!B

"'3 (14)Xc
0vr 32(19)MM

011 16 )=XCC
P1*G(1 T):YDcc

2"3(23)=Y0oCC
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TABLE A-i1. CODE LISTING FOR THE DATACORR SUBROUTINE (Continued)

PM C324)zZVDCC
a',.4GC25)m AA(M1,I)

DMG(26)= AA (1,2)I

PM'3(29)=AA (1~5)
P MG(30)=AA(1,-6)
-PMG(31 )=AA(2.,1)
PMG(32)=AAC2p2)
Pfi*G(33)=AA(2,3)
PMG(34)=AA(2t4)
PMt(35)=AAC2p5)
OMG(36)=AA (2,6)
PMG(37)= AA O3,1)
PMG(38)=AA(3,.2)
PM3(39)=A 3,3)

PM*G(41 )=AA (-- 5)
PMG(42)zAA(3p6)

PfG(4-4)=AA(4,2)
?VV3 C45)=AA C4, 3)
PMG(46)=AA (4,4)
OM^S(47)=AA(4,5)
PM .3(4 8) =A A(4,6)

SM3(49)=AA(5,2)

?G52)=AA (r .4)

0?-'(54)=AAC5,6)

O'S( 55)= AA (ov1)
PMG(56)=AA (6p2)
? MG(57)=AA(6,3)
OMG(58)AAC6t4)
P1*G(59)=AA (6p5)

225 f5,25
CC%!PUTE- AA TQAiNS-"OSEAAT

I~(I0NC).E.C)70 T 30

'.) 11 N -1

32



TABLE A-1. CODE LISTING FOR THE DATACORR SUBROUTINE (Continxued)

DO 2tJ Jz=IPN
TM~'1 A AQ IJ)

20 AAT(JP:)=TM01
wRITE(oP1OO2) AAT(3jpl)

1002 ;C 4MAT (IX,315.?7)
30 CON4TINUE

IFCKKK.t .l) GO To 35
C
C CO% PUT: INVERSE AS =AS1
C

Do 50 I=1,6
DO 50 41=1.6
XCIPJ) =AS(IPJ)

50 CONTINUE
4IN1 =6

MS=1

Ic=

CALL S XNN,,M.1,,,,O,,HDCIIS)
DO 61 J=lfo
DO 61 K=1..6
ASI (J, K) =X U ,-K)

6i CCNTINUh
33CCNTIN'JE
IF(KKK.CT.1) GO TO 55
;3 55 !=1,e
DO 55 J=1,6
ASi (1,J)=G.

AS1C2,2)1l.ICI%( 3 c7)
AS1(3,3)1.-/CIN( 396)

55 *CCN*TINIJE
O P 1T E(14,4 IC'

40') fO~vAT~lx,'-59)

Ic S-%Sf6TIV:'lY.rC CVARIANC-1 mATPIX=AL
C

C' 7 0 1
DO 70) J:1,"
4L(T,J)=).
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TABLE A-i1. CODE LISTING FOR THE DATACOUR SUBROUTINE (Continued)

00 70 K1.pN
70 %LCI,J)zAL(I,J) + AA(KsI) *AS1(K,J)

4w F0RMATC1~p'70')

C AL*SENSITIVITY PATRIX=AP
C

M=6
N=6
P= 6
DO 80 1=1,M
DO 83 J=1,?
AM(IoJ)=O.

89 AM(I,J)=4A7(I,J) +AL(I,K) *AA(KPJ)

WRITE (14,402)
402 FCRMATC1XP'803)

c AL*V-:- M.ATRIX=AN
N=6
?= 1
DO 90 I=1,m
DO 90 J=1,D
AN(IPJ)=).
DO 9?) K=1,N

90 4N(I,J)2AN(IJ) + AL(1,K) *AE(K,J)

wPRT:(14,433)
4C3 cO MAT(1X,190')

COMPUTE INVERSS AM =AM1

DC 100 1=1,6
Dc 130 J=1,6
X((I,J)=AM(l,J)

luJ) CONTINJE

'AN1 =6

IC=1

"0 110 J=1.6
;0 11C, K1,ot

11A)Mk1(,K) 1- XCJ,R)
w P:T(14,4)5 )
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TABLE A-i1. CODE LISTING FOR THE DATACORR. SUBROUTINE (Cont inued)

c AM1*AN PATRIX=DC
c

pM=6

N=6
P= j
DO 120 I=1,PM
DC 120 J=1,P
DC(I,.J)=0.
DO 120 K1,pN

120 )C (.IJ)=OC (Ij'J) +AM1 (1,10 AN(KrJ)

!c SEVSlTl1TY*DC=AP

N=M
D1j
DO 130 IZ1,M
DO 130 J=,PP
APC1,j)= ).
DO 130 K=I,N

130) AP(1,J)=APCI,J) + AACI,K) *DC(K,J)

Ac--AP I4ATP1X=C

4R=6
NC~1
3W 1,00 J1I,NC
DO 140 I=1,N

140 AAUI,J)= AE(l,J) -AP(I,J)

A5~(1,2)=A A' l, 1) *A AR~(2,1)V/

A3(1,3)'!A(j,1)*AAR (3,1)/N4

AZ(2.1)=3A;(l,l)*AAP (1,1)/N

A!(2,!)=AAR(2,l)*AAP(3,1)/4

4S(2,5)=AA4(2,1)*AAPC5,1)/N

A S(3,1~) = A;~( 3, 1) *AA P (,1) / 4
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TABLE A-1 * CODE LISTING FOR THE DATACORR SUBROUTINE (Contiued)

AS (4,1 )AAR (4r1) *AAR (1,1)/N
4S C4p2)zAARC4,1 )*AAft(2s1 UN
AS(4,' )=AAq(4, ) *AAR (3,1) /4
A S C4 p4 ) =A A RC4l)*A4R(4pl)/N
AS (4,5)zAARC4o1) *AAR(5,1) IN
4S(4,6)=AARC4o1)*AAR (6p1)/N
AS (5p1) =.AAR~C 5pl ) * AAR (1 ) /4
AS(5p2)=AAR(5o1)*AAR(2pl)/N

AS (5p4)=AAR(5, ) *AAR(4p1)/N
AS (5p5)=AAA(5ol) *AAR C5p1) IN
AS (5p6)AAR~(5,1 )*AAR (6,1)/N
AS (6p1)=AA9(6,1)*AAR(1,1l)/N4
AS(6o2)=AAR(6p1)*AAR(2,1) IN
AS(6p3)=AAR(op1)*AAR(3p1)IN
AS(6p4)=AAR(bp1)*AAR(4f1)/N
4S(op5)=AAR(6p1)*AARC5oj)/N
AS (6p6)AAl(6fl) *AAR (6,1)/N

500 ORYAT(57XP17HCONVERGENCE GROUP)
C
c RESIDUAL MATRIX-ONE ITERATION AHEAD ERRCR MATRIX
C

AR (1 ,1) AA,?(11A

AP(2,1 ):AAR(2fl)L AR (5,1 )=AAR( 5,1)

'CR( 3)=ASC13..)IcI
PC ( 1)=AC2l,l)

,IC'( 9)=AS(12,3)
PCC(2)zAS (2,4)

O'C (12)zAS(j,t)
"C3 71) z :), (2,1)

PC 5(14)= AS (7 ,2)

PC.(1'5):4Z(4,1)
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TABUE A-i1. CODE LISTING FO THE DATACORR SUBR1OUTINE (Continued)

PCGC2)=AS(4,3)
0 C5C22)=AS(4p4)
PCG23)=AS (4,1)
PCG (24 )=AS (4, 6)
PC3(25)zAS (5f1)
aCrG(26)=AS (5p2)
QC 3(27)=AS (5p3)
PCG(28)=AS45p4)
PC (?9)zAS (5,5)
PC3C 30) =AS (5,6)
PCGC 31)=AS (6p1)
0CGC32)=AS(6pZ)
0C3(33)=AS (6,3)
PCl(34)=AS(tp4)
PCGC 35 )=AS (6,5)
PC -(36)= AS (6..6)

PC 'j 338)=DC (2,1)
PG39) =DC (3p1)

0C!(40)=DC (4,1)

?CG(42)=DC (6p1)
DCG(43)=AR (1 r1)
0 C 3 44)=A R(2,1)
PCG(45)=AR(3p1)
2CG(46)=AR(4,1l)
0CG(47)=AR(5,1)

P!4?) AR(6pl)
PC G(49)=AE (M,1l)
PC~l3(50)=AF(2e1)
O C Z (51)=.A (3 ,1)
0 CG(52)=AE(4o1)
2 C ( 53 ) A E (5,1)
OC3 (54)= AE (6,1)

C WRITZ CCVA' lAN~fCp'cQ'ES IUAL, ERRCR

D'C 150 1=1.,6
DO 150 J=1.6

15.) SAi(lpJ) =AS(I.,J)

RETURN

37



APPEZNDIX B
MODIFICATIONS TO BOUT (Boost Output)
AND RVOUT (Re-entry Vehicle Output)
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APPENDIX B

MODIFICATIONS TO BOUT (Boost Output)
AND RVOUT (Re-entry Vehicle output)

The changes to the BOUT and RVOUT subroutines of the U70 simulator
needed for the Tactical Ballistic Missile Trajectory Study are listed in
Table B-1.

TABLE B-1. MODIFICATIONS TO BOUT AND RVOUT

PRM(70) changed to PRM (72)

RPG (162) added

DIMENSION PR(30) ,PRE( 18), PRM(72) ,PRG(78) ,RPG(162)

Both DO loops changed from '1,70' to '1,72'

725 DO 730 IMX - 1,72
290 CONTINUE

IF(IMISS.EQ.O)GO To 310

Added after PRM(70) - WACH

PRM(71) - 0
PRM(72) - 0

551 CONTINUE
PRG(22)- PRG(22)*RTOD
PRG(23)- PRG(23)*RTOD
PRG(28)- PRG(28)*RTOD
PRG(29)- PRG(29)*RTOD
PRG(34)- PRG(34)*RTOD
PRG(35)- PRG(35)*RTOD
PRG(41)- PRG(41)*RTOD
PRG(64)- PRG(64)*RTOD
PRG(65)- PRG(65)*RTOD
PRG(75)- PRG(75)*RTOD

RPT(I) -PRG(I added after PRG(75) PRGC75)*RTOD

RPG(4)-PRG(22)
RPG(52)-PRG(23)
RPG( 10)-PRG(28)
RPG(58)-PRG(29)
RPG( 16)-PRG( 34)
RPG(64)-PRG(35)
RPG( 137 )-PRG(41)
RPG( 130)-PRG(64)
RPG(151)-'PRG(65)
RPG( 129)-PRG(75)
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TABLE B-1. MODIFICATIONS TO BOUT AND RVOUT (Continued)

WRITE (14,26) statements added before the WRITE (6,2) statements

IF(ICON(52).EQ.O) GO TO 515
WRITE(14,25) PTIH

515 CONTINUE
25 FORHAT(615.7)

C WRITE(6,2) PTIM,TSTT,DT,IRJU,IFAIL

IF(ICON(52).EQ.0) GO TO 516
WRITE(14,25) TIMC

516 CONTINUE
C WRITE(6,2) TIMC,TST,DT,IR.JU,IFAIL

IF(ICON(52).EQ.O) GO TO 533
WRITE(14,26) (PR(I),I-1,30)

533 CONTINUE
WRITE(6,5) (DRCI),PR(I),I-1,30)

IF(ICON(52).EQ.O) GO TO 534
WRITE(14,26) (PRE(I),I-1,18)

515 CONTINUE
26 FORMATC6E15.7))

WRITE(6,2) DRE(I),PRE(I),1-1,18)

IF(ICON(52).EQ.O) GO TO 546
WRITEC14,26) (PRM(I),I-72)

546 CONTINUE
WRITE(6,5) (DR(I),PRM(I),I-1,70)

IF(ICON(52).EQ.O) GO TO 553
WRITE(14,26) CRPG(I),I-1,162)

515 CONTINUE
WRITE(6 ,5) (DRG( I) ,PRGC I) ,I-1 ,NN)
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TABLE B-1. MODIFICATIONS TO BOUT AND RVOUT (Continued)

P*6(7a)-- rFp-
IF(ICON(52).EQ.0) GO TO Z20
RRG( 1) a PRGMt
RRGC 2) = PRGC2)

-RRG( 3) =PRGM3

RRG( 6) =PRGC6)
RRSC 57) z PR"7)
RRGC 8) PRG(6)
R'RGc 9-) aP'R6c9)

RRG(18) =PRG(28)
RRGCI1V) aPRG(1I)
RRG(10) aPRG(28)
RRG(13) 3PRG(C 3)
RRGCI4) PRGC12)
RRG(13) = PRGCTT)r
RRG(14) aPRG(34)
RRG(15) =PRG(t5)
RRGCI8) = PRGC18)
RRGCT9) 0IG1-Y
RRG(18) 0R(8
RRGC1) 0
RRGC20) 0
RRGQ31) 0--

RRG(24) =0
RRGC25) =0
RRG(26) =0
RRG(27) =0
RRSC28) =0
R"(3294 =P#G(40 --

RRGC3O) = 0
IRG(31k = 0
RRGC32) - 0
RRG(33) = Or
RRGC34) = 0
R*G(35) --

RRGC36) =0
RRG(37) =0

RRGC38) =0
RRG(39) =0
RRG(4O) 0
1R6(A1 aO -

RRG(42) 0
ftRG(43Y 0
RRG(44) 0
RRG(45) 0
INDGC Z APFLG 41O*IGAFLG + 100*IACFLG +1000*ISEQ
RIN06C IMDSC + 99405 + 0.000005
RRGC46) z PRGC76)
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TABLE B-1. MODIFICATIONS TO BOUT AND RVOUT (Continued)

RRG(47) =0
RRSC48) = 0
RRS3(49) - 0
RRG(50) = 0
RRfrf5l) =-0 -------------

RRGC52) =PRGC23)

RRGC53) 0
RRG(5I,) z 0
RR6(55) 0
RRG(56) =0

RRGCS8) = PRG(29)
RRGC59) =PRG(53)
RRGC6O) = 0
RRG(61) =0

RRGC62) =0

RRGC64) =PRGiC35)
RRG(65) =PRGC54)
IFTEf4P IALTu+10*(IPUDFL+1)*100*(IUPDFL+1)+la0a*JBSW
I + 10000*CIRCHFG.1)
RRGC66) =0

RRG(68) =PRG(21)
RRG(69) 0
RRG(70) =0

RRG(71) =0
RRGC72) = 0
RRG(73) = PRG(25)
RRGC74) = PRG(27)_____
RRG(75) = 0
RRG(76) = 0
~R-(77) = 0
RRG(78) = 0 ______________

RTW(79 = PR,(31i
RRG(80) = PRG(33)
RRGC8IY = 0
RRG(32) = 0
RRG(33) = 0
RRGCS4) = 0 ____

RRGCS6) = 0
.4RRG(87) a PRG(57)

RRGC88) = 0
RRG(391) z 0 -

RRG(9O) z 0

RRGC92) a 0
RRGC93) z PRG(63)
RRG(94) z 0
RRG(95) = 0
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TABLE B-1. MODIFICATIONS TO BOUT AND RVOUT (Continued)

RRG(96) = 0

RRG(97) = (YR o 1~qa~47- 5RRG(9) = 0RRGC14.3)= PRGC58)
RRGC99) = PRG(69)1 -__________________)

RRG(100)= 0 R(5)PG62
-RRGCIO-)= 0 RG1Q RC2
RRG(10Z)= 0 PMC&)

RRGC152)= PRGC66)
RRG(104)= PRG(4 ~RG1I"3J- PRG, 6
RRG(1-05)= C RRG(154)= PRGC68)
RRGC1O6)= 0 -- KKI2im rx(70

- 1RG(107) o 0-- - RRG(156)= PRG(7I)

RRG(108)= 0 KlGC15,3 r aU~-2)
--- R-(,t9)=RRG(158)= PRG(73)

RRG(110)= PRG(1C) ~~5, i~(' 7

RR31I1l)= 0 RR%3(160)= PRGC46)
RRGC112)= 0 #161 PRG 78)

RRG(113)= 0 RRG(162)= 0
RRG(114)= 0
RWGMf5)x0-
RRGC116)= PRG(16)
RRSCIIT)7' 0
RRG(11S)= 0 PRGC22)= PRGte'.2)*RT00
R R GCt T9)& 0 Q---r0
RRG(120)= 0 PRGC28)z PRG(28)*RTOD

RRG(122)= PRG(26) PRG(34)= PRGC34)*RTOD

RRG(124)m PRG.(47) PRG(41)= PRG(41,*RTOD
RRGCIZS)= PRtG(4e)-PR f64*RIv
RR'S(126)= PRG(77) PRG(65)= PRG(65)*RrOD

-"G( 127'= PKGI3I9) P#6tt75- G(75YRTO-
RRGC128)z PRG(6a) RRGM4 = PRGC22)
RRG(129) z G( RRV352)=- PRGCZ31
RRGCI30)= P RG (64) RRG(1O)= PRG(28)
RRfr3t-)- PIR-G(24)-- tRflMc8)= PRi(G ;4
RRG(132)= PRGC3C) RRG(16)= PRGC34)
R*i133- CItl-(3d RRG(64=z PRG(35)
RRGC134)z PRG(37) RRG(137)=PRG(4I)
RftG-t3)PRT3-t1 RRG(1 30) =PRG (64)
ARG(136)z PRGC39) RRG(5I)=PRG(65)

-"G(13-M-=RRGC129)= PRG(75)
RR^3C138)z PRG(42)
RRGC139)- PRS(44)
RRG(140)z PRGC45)

RRG(142)z PRGC43)

RRGC144)z PRGC5I)

PRGC146)= PRG(55)
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TABLE B-1. MODIFICATIONS TO BOUT AND RVOUT (Continued)

IF(ICON(52).EQ.O) GO TO 515
WRITE(14,25) PTIM

515 CONTINUE
25 FORMAT(615.7)

C WRITE(6,2) PTIM,TSTT,DT,IRJU,IFAIL

IF(ICON(52).EQ.O) GO TO 516
WRITE(14,25) TIMC

516 CONTINUE
C WRITE(6,2) TIHC,TST,DTIR-JU,IFAIL

IF(1CON(52).EQ.O) GO TO 533
WRITE(14,26) (PR(I),I-1,30)

533 CONTINUE
26 FORMAT(6,(615.7)

WRITE(6,5) (BT(I),PT(I),I-1,3O)

IF(ICON(52).EQ.O) GO TO 534
WRITE(14,26) (PV(I) ,I-1,18)

534 CONTINUE
WRITE(6,5) (DV(I),PV(I),I-1,18)

IF(ICON(15).GT.O) GO TO 544
LINC - LINC + 14
WRITE(6 ,4)
IFCICON(52).EQ.O) GO TO 541
WRITE(14,26) (RMCI),I-1,72)

541 CONTINUE

IF(ICON(52).EQ.O) GO TO 554
WRITECL4,26) (RGCI),I-1,162)

554 CONTINUE
WRITEC6,5) (DGCI),PG(I),I-1,NG)

DIMENSION PT(30) ,PV(18) ,PM(54) ,PG(120) ,RG(162) ,RM(72)

RG(162),RM(72) added
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TABLE B-1. MODIFICATIONS TO BOUT AND RVOUT (Continued)

PH( 1) z PH( 1)*GST Rm( T) = PMc- 1)
PMRC 4) x PR( 4)*GST RM( 4) = PM( 4)
PH C 6) a PH( 6)*GST -"C 71) p14t 0

PH 9 Prmi 9yjw~ RM(1O) =PM( 9)
PM(11) z PI4CI1)*GST WwcI-3)= fwc 11r--
P"(16) z PM(16)*GST RM(19) PMC16)
MIS(1) = Pfq(l8)*GST RPC23) pfi i--

PR(19) x PMCI9)*GST RM(24) =Pr4C19)

PH(20) = PMC20)*GST R!2~(f--
P"(22) = PM(22)*GST RM(29) =PM(22)

P9(23) =PMC23)*GST R9(30) "t n-(2)
P9(24) = PM(24)*GSYT RM(31) =P91(24)

P91(26) = P9(26)*GST RI1C35) =PN(26)-

P1 M--Pfq(27)*GST R91C36) =P91(27)

P9(28) = P9(28)*RTOD --RK1t37) =-f28- -
PMZ)= P91(e9J*RTUD R91(38) = P9(29)

P9(30) = Pf1C30)*RTOD R1(39) = p91(c)7 -

P1(31)= PMC(31)*RTOD RM(40) = P91(31)
P91(32) = PM(32)*GST R!4C4T) = P --32
P9(3-3) = P91(33)*RTOD R91(43) = P91(33)
P91(34) = PPI(34)*RTOD -- Rt4z-eM5
P91(351z PWt357*WTD RM(45) =P91(35)
P91(36) = PM(36)*RTOD R"146- Pr413WT
P91(37) = PM(37)*GST R91(47) = P9(37)
PM(38)= PM(38)*RTOD RMC49Y-- lt38r
PM(39)= P91(37)*RTCD RM(50) =P91(39)
PM(4) P9(40)*PTOD xslmf-C0
p91(4TY P1C41lrTOD RM(52) =P91(41)
P1(42) = PI(42)*GST -"C53) dPWZ)j--
P91(46)z P9(46)*PTOD RM(53) = P91(46)
P91(52) = P?(52)*RTOD R91(67) = pCf
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TABLE B-I. MODIFICATIONS TO BOUT AND RVOUT (Continued)

PG (I 2a)=DVD-Zr'qT9
RSC 1) = PGMI
RGC 2) - PGCZ)
ReQ( 3) =,P -
RG( 4) =PG(4
R (5) P at-5-Y
RG( 6) =PG(6)
RG( 7) - PS~( 7-)r-- - -
RG ( 8) = PG(8)
RG( 9)- =P6(9OY
RG(10) = PG(1O)
Re(tflP-- Cf
RG(12) = P302)
RG(13) =PG(13- -

RG(14) = PG(14)

RG(16) =PG(16)
R(-t7--~P - -P, __-__)

RG(18) = P6(18)
RSC19)- = P~T19)
RG(20) = P6(20)
RG(21 = P13(ZI) - -

RG(22) = PG(22)

RG(24) = P6(24)
RGCZ25) = PG125)
RG(26) = PG(26)

R 2T= -PGC287-
RG(23) = PG(28)
Re ct r -- _9)

RG(30) =PG(30)
R Gt31 ) =PG(3-1)
RG(32) =P6(32)
116(33Y P6(33)
116(34) =PG(34)
RG(35) =P6(35)
RG(36) =PG(36)
RG(37) = PG(37)-
RG(38) = PG(38)
RGC39) =PG(39)
RG(40) = PG(40)
RG(41) z=G-4t
RG(42) z PG(42)
RG(43) = P6(43)
RG(44) = PG(44)
RG(45) x PG(45)
IN06C =IAPFLG + 1O*IGAFLG 4IOC*IACFLG +1000*ISEQ
RINDGC = !NIDGC +' 99.D5 + 0.000005
RG(46) 2P6(46)
RG(47) = PG(4?)
RGC48) z PG(48)
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TABLE B-i. MODIFICATIONS TO BOUT AND RVOUT (Continued)

RG(49) a PG(49)
RG(50) = PG(50)
RG(51) 2PG(51)
RG(52) aPGC5Z)
RG(53) =PG(53Y
RG(54) =PG(54)
RG(55) a PG(55)
RG(56) = P6(56)
RG(57) i,-z5 7- -
RGC58) =P6(58)
RG(59) =PGC59Y
RG(60) 2PG(60)
RG(61) 2PG(61)

RG(62) PG(62)
RG(63) zP6463)-- __

RG(64) =PG64)

RG(65) PG(65)
IFTEAP IALTU + 10*(IPUOFL+1) +100*(IUPDFL+l) 41000*

1 JqSW 4IOOC*(IRlCHFGI)
RG(66) P6(66)
RG(67) =PG(67) -_-

RG(68) PG(68)
RG(69) PG(69)
RG(70) PG(70)
RG(71) PG(71)Y
RG(72) P"3(72)
ft1(73) P--(73Y - ---

RG(74) = PG(74)
qs7)= PG(75)

RG(76) = PG(76)
RG(77) = PG(771
RG(78) = PG(78)

RG6(80) = PG(80)
RG(81) 2 PG(S't)
RG(82) = PG(a2)
RG(83) 2PG(83)
RG(84) =PG(84)

-RFG(86) =- P6(86)
~RG(85) PG(6(5) -- __ -

RG(87) =PG(87)
RG(8d) =P6(38)
RG(89) PG(39)
RG(90) =PG(90)

RG(92) =PG(92)
RG(93) =PG(93)
RG(94) zPG(94)
RG(95) =P3095)
RG(96) =PG(96)
RGC97) P6(97)
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TABLE B-1. MODIFICATIONS TO BOUT AND RVOUT (Continued)

RG(98) =P6(98)
RGC99) =PG(99) RGC149)u 0
RGCIOO)x PG(100) RGCI5O)=z 0
RG(101)= P6(101) KG(15TYJ 0-
RG(102)= PG(102) RG(152)= 0
MIMSJ~ P6t1U3J RG( 5)Zf 0
RG(104)= P6(104) RG(154)= 0
RG(105)= PG(105) fCtnF0
RG(106)= PG(106) RG(156)= 0
ft6(107)z PG(107) mcs~
RGC1O8)= PG(108) 

- G15) 0"
R-G Cl0o9)-- -PG(119V - R GCI (Y)=
RE(110)= P'(110) R6C160)= a
RG(111)= P6(111) MG(161)2 0-
RG(112)= P6(112) RG(162)a 0
RGC113)= PG(113)
RG(114)= PG(114)
116t115)t PG(TT5Y
R6C116)z PG(116)
RGC1T7)= P3(1173
RG(118)Z P6(113)
RG(119)= PG(119)
RGCI20)z PG(120)
R(CIZt)= C -

RGC122)= 0
RG(123)= T-
RG(124)= 0
RG(125)= 0 -
RG(126)u 0
IRGfl7)z CY--
RG(123)z 0
RG'129)W 0
RG(130)= 0
1~6(131)2 0-
RG(132)z 0

--- Gtt3)-O
RG(134)= 0
RGM 35) 2 0-
RG(136)= 0
RM(1371 0~---
RG(138)= 0

-- R I 39-)m 0
RG(140)W 0

RG(142)u 0

R6C144)- 0

RGC146)z 0
RG(147)lz- 0
RG(148)z 0
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TABLE B-1. MODIFICATIONS TO BOUT AND RVOUT (Continued)

P6(10)= PG(1O)*RTOD
P6(~10,- rPa(16,*ury
PG(43)m PG(43)*RTOD

PG(52) =PG(52)*RTOD
-Gjj P6"

5 5 ,u~Iuu
P6(58) =PG(58)*RTOD
r'PGCO -raPG(64w-ivj

PG(71)z PG(71)*RTOD

P6(83)= PG(83)*RTCD
?6tS1I~a6() w u1 -D

P6(89)= PG(89)*RTOD

P6(94)= PG(94)*RTOD
P<6i914--- PV9-51-*R IrOD--
PG(96)z PG(96)*RTOD

PGCIOO)=PGC100)*RTOD

PG(102)=PG(1 02)*RTOD
-- W6V44- PGt4)~-

RG(10) PGC1O)
--- iRG16o - P(16)-

RG(43) =PG(43)
R~4) -PG(*9)-

RG(52) PG(52)

RG(58) =PS(58)

RG(71) =PG(71)
Rrj(??) P-j Pi7)
RG(83) zPG(83)

RG(89) =PG(89)

RG(94) =P6(94)
R505) -PG(95)

RG(96) z PG(96)

qG(100)= P6(100)
qG(1O1)z P6(10")
RGC1OZ)z P6(102)
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TABLE B-1, MODIFICATIONS TO BOUT AND RVOUT (Continued)

P14(54.) xWOAC9
RPC 1) a P14(j
RN( 2) a P1(2)

-RW--T - P404 -__

RA( 4) a P14(4
RR C4-5) z--PI4(5)---- -
RM( 6) z 0 RP(50) - P14(39)
it- f1( 7 - -- Pmf(6-)---- RR5) aP14(40)
RM( 8) =P14(7 RN(52) aP14(41)

Rm(1O) zP14(9) R14c54) = 0
R 14(11) PM(O)-- (55 P14C43)
R14(12) =0 R14C56) =P14(44)
RK(1 3) Y Pf4(1-
RA(14) aP1(12) RR(53) =P14(46)

RFM(16) =PM0(4) R14(60) =0
RN (I T) P1(15) V4(61t Pl~t48)
R1(13) =0 RM(62) =P14(49)
RN (19) P14(16) Rt-3Y-
R14(2O) =0 RM(64) 0

RM(22) P14(17) P14(66) aP14(51)
R14(23) =Pt4(1) - -R14t677t Plt-52)
P14(24) =P14(19) RP(68) = P14(53)
R14(25) P14(20)
RPI(26) =0 R14(70) =0
R1(27Y 0 R14(71 0
R1(28) =P14(21) P14(72) =0
R14(29) = P14(22)
P14(30) = P14(23)
R14(31) = P14(24)
P1(32) = 0

R1(34) = P14(25)
P14(35) = P14(26)
RM(36) z P14(27)
RP(37) =P14(28)
R14038) aP14(29)
RM(39) = P14(30)
P14(40) z P14(31)
RM(41) = P14(32)
R14(42) = 0
R14C43) =P14(33)
R14(44) = P14(34) __

R W~4"-3TR P1413S)
P1(46) x P14(36)
RP1(47) x P1(37)
P14(48) z 0
P14(49) = P14(38)
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APPENDIX C
U70 PR~ORA .CSS (COMMAND SUBSTITUTE SYSTEM)

.6OURCE FILES
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APPENDIX C

U70 PROGRAM .CSS (Command Substitute System) SOURCE FILES

The Perkin-Elmer 3220 computer on which the U70 program was run, has a
development compiler which compiles rapidly but produces slow-running
object code, and an optimizing compiler which compiles slowly but produces
fast running code. The development compiler was used to compile the U70
program, since compile times rather than execution times were at a premium
during the period of performance of this task. As stated in Section III,B,
in order to further reduce compile times, each subroutine was assigned its
own data file so that one could recompile one subroutine at a time rather
than having to recompile the whole program each time a change was made in
one of the subroutines.

There are two .CSS commands that can be used to actually carry out a
compilation: U70CA and U70C. The U7OCA command compiles all the Pershing
II source files, while the U7OC command is used to compile an individual
subroutine. The specific job control sequence which initiates the U70 com-
pilation is as follows:

U70 @1, @2, @3, @4, @5

@1 Input source file
@2 Object filk utam" (defaults to @1.0BJ)
@3 List file name (defaults to @I.LST)
@4 Start option(s) sepaated with spaces (defaults to

no options)
@5 Load size for F7D (defaults to 50K bytes).

A cross-reference listing can be obtained by including the command XREF in
the @4 list of start options.

A preprocessing program called TRAJ must be run before the U70 program
is ready to run. The TRAJ program is derived from equations resident in
the Pershing Launch Computer, which is located on board the missile. Given
the launch and target latitude, longitude, altitude, and the number of sta-
ges (Table C-I), it computes launch presets and transmits them to the por-
tion of the program which simulates boost and terminal guidance. This, in
turn, generates a data file containing estimates of the desired velocities
and cutoff angles, estimates of flight and pitch-over times, and target
offsets (Table C-2). The U70 program uses these outputs to make its own
calculations, interpolating the TRAJ output tables.

Execution of the U70 program is initiated using the routines UST2 or
UST3. These commands invoke .CSS files containing other commands to load
the task, make logical unit assignments, and start the task.
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The UST2 routine is used in order to make a full run (flight from
launch to impact). The inputs to UST2 are obtained from the TRAJ programs
and are used to build a new data file (logical unit 11). This file is
used to create a new input tape in the U70 program, TAPE 11. The output
from UST2.CSS is printed at time intervals whose value is input in
Constant 271, or is printed at any point along the flight path where a
discontinuity appears (such as the end of the boost phase, the apogee,
etc.,).

The subroutines in the U70 program are linked using the .CSS coand
U7OLINK. This command builds an overlaid executable task. For example, it
ensures that copies of all of the subroutines called within a given
subroutine are present within that subroutine.

TABLE C-I. TARGETING PROGRAM INPUTS

ITRS - 210 Single Stage
220 Two Stage

LONT - Longitude of the Target
LATDT w Latitude of the Target
HT - Altitude of the Target
LONL - Longitude of the Launch Site
LATDL - Latitude of the Launch Site
HL - Altitude of the Launch Site
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TABLE C-2. GLOSSARY OF TARGETING PROGRAM OUTPUT VARIABLES

U70 TRAJECTORY OUTPUT DEFINITION

140 GANDE + DELGAM Flight path angle desired before pitch-over
142 AZD Flight azimuth measured from north
115 AZD * Same value
114 LATDL Launch latitude
116 LONL Launch longitude
117 HL Launch altitude
203 DLAT Aimpoint offset latitude
205 (Unnamed) Aimpoint offset altitude
206 LATDT Target latitude
207 LONT Target longitude
208 HlT Target altitude
219 GAMDE GAMME desired at cut-off
220 TCO Time of booster cut-off
302 TFF Elasped time of re-entry vehicle freefall
310 TGAO Elasped time before pitch-over
312 VRE Required velocity for terminal phase
314 TF Boost guidance flight time estimate
411 CHI Normalized velocity loss
420 TAU Initial delta value time impact
421 AXPU Acceleration begins pull-up
412 DVP Velocity control bias
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U7OLINK is structured so that it contains four overlays. The first
overlay includes a subroutine called MINIT.OBJ, which presets all variables
to zero. The second overlay includes ENPUT.OBJ, which creates a new input
data tape. The third overlay includes all binary files appropriate to the
boost phase of simulation. The fourth overlay includes all re-entry-
vehicle binary code.

In addition, U7OLINK creates a load map, U70-U7OLINK.MAP, that is use-
ful for debugging purposes. Control indicators are input to set flight
options, and program constants are entered to control the initial con-
ditions, multipliers, limits, errors, print controls, etc. Aerodynamic drag
and atmospheric data are input through the tabular data portion of the
input file. A list and description of these data inputs is given in
Reference 1.

After a full run has been made, a restart can be created using the
output from UST2.CSS and the UST3.CSS command. The restart procedure is
a very useful tool in a study where new conditions are imposed on a missile
at a certain point in flight. However, the restart could not be used for
the nozzle deflection study, since a restart could not be made during the
boost phase. Certain values which appeared in THRUST were functions of time
and could not be re-initialized at the arbitrary time desired for a restart.

The values which are required to be input into the UST3.CSS data file of
UST3.CSS are listed in Table C-3. Tables C-4, C-5, and C-6 list other U70
files used in the performance of this task for the benefit of anyone who
might want to initiate U70 runs.

The procedure of outputting U70 flight data to tapes required that
modifications be made to the subroutines BOUT (Boost Output) and RVOUT
(Re-entry Vehicle Output). The desired output was written to logical unit
14 and a .CSS file was created, with logical unit 14 set to MAGO, to write
the data to the tapes.
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TABLE C-4. U70 SOURCE FILES

ARD59D *FTh QUAD.FTN
BEE .FTN RV~IIT .FTN
CONV.FTN RVAPLT.F*
FASTD.*FTN RVAERO.*FTN
FASTC. PTN SCS .FTN
SORTIT.FTN GAUSS.FTN
SPEEDY.FTN RANDU. FTN
WRTAPE .FTN BEXEC.*FTh
BINIT.FTN THRUST.F*
EGUID.*FTN TRIHA. FTN
FUNC.FTN BOUT.*FTN
VACRA4. FTh BAPLT.*FTh
FOLD.FTN RATLIM. FTN
GRAPH.*FTN BAERO *T
NINIT .FTN UST2 .CSS
ENPUT.FTN UST3 .CSS
RVEXEC.FTN UST4.CSS
STAT.FT U7OLIK. CSS
RVOUT *FTN U7OC .CSS
RVGUID. FTN
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TABLE C-5.* FILES USED FOR DEFLECTION STUDY

C0B351.DAT - 30 seconds, .5 degree pitch
C0B352.DAT - 30 seconds, 2.0 degree pitch
C0B353.DAT - 30 seconds, 7.6 degree pitch
C0B354.DAT - 49 seconds, .5 degree pitch
C0B355.DAT - 49 seconds, 2.0 degree pitch
C0B356.DAT - 49 seconds, 7.6 degree pitch
CO1357.DAT - 30 seconds, .5 degree yaw
C0B358.DAT - 30 seconds, 2.0 degree yaw
C0B359.DAT - 30 seconds, 7.6 degree yaw
C0B360.DAT - 49 seconds, .5 degree yaw
C03361.DAT - 49 seconds, 2.0 degree yaw
C0B362.DAT - 49 seconds, 7.6 degree yaw

TABLE C-6.* FILES USED FOR TRAJECTORY PROFILE

C0B370 .DAT
C0B371 .DAT
C0B372 .DAT
C0B373 .DAT
C0B374 .DAT
COB375 .DAT
C0B376 .DAT
C0B377 .DAT
C0B378 .DAT
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APPENDIX D
TRW PROGRAM FILE NAMES STORED ON DISK
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TABLE D-1. SUBROUTINE FILE NAMES STORED ON DISK

TWAERO.*FTN TWMATRXI.F*
TWAFC.*FTN TWMATRX2.*FTh
TWALNON .FTN TWHAXBT.*FTN
TWAMC.*FTN TWN&VON .FTN
TWATMENT.*FTN TWNESTG. FTN
TWATMEXT.*FTN TWPWRON.FTN
TWATHOS.*FTN TWRADAR.TN
TWAUXI TN TWRCS .FTN
TWAUX2 .FTN TWRCSFH. FTN
T1JBATT .FTN TWRGU.*FTN
TWBURST.*FTN TWRKUJTTA. FTN
TWOIDPRC.*FTN TWRIOIUL TN
TWCROSS.*FTN TWROTATE.*FTN
TWDCU. FTN TWRVAERO .FTN
TWDCUERR..FTN TWRVBAS.*FTN
TWDERIV.*FTN TWRVPTCH.*FTN
TWDHNDC.*FTN TWRVROLL.*FTh
TWDOT.*FTN TWRVYAW. FTN
TWDRAND.*FTN TWSAF.*FTN
TWEBITS .FTN TWSBITS .FTN
TWFLIGHT.*FTN TWSDPROC.*FTN
TWFSICFU. FTN TWSSICFU. FTN
TWFS ISA. FTN TWSSSCFU.*FTN
TWFSSCFO.*FTN TWSTINIT.*FTN
TWGRAV.*FTN TWTHRUST.*FTN
TWGRN. FTN TWTRNSF2.*FTN
TWIMSALN.*FTN TWTRNSF3.F*
TWIHSPLS .FTN TWTRNSPO.FTN
TSIMSRSV. FTN TWURN.FTN
TWIHSTST.*FTN TWVANES.*FTN
TWINTERP.*FTN TWVHP.*FTh
TWJDH. FTN3 TWWIND.F*
TWMAGN.PTN
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TABLE D-2. FILES CONTAINED ON DISC FOR USER PROGRAM HANDLING

The following files are used:

DAVEF7.CSS - Used to compile each subroutine file.
TRWLINK.CSS - Used to link the TRW 6DOF simulator.
DCOMMENT.FTN - Contains comments which describe the function of each
subroutine.
TRWRV.DAT - Contains re-entry aerodynamic data.
TRWSS.DAT - Contains single stage aerodynamic data.
TRWTAB.FTN - Used to read TRWRV.DAT and TRWSS.DAT and string them into a
long one dimensional array. TRWTAB.CSS is used to run this program and
TRWTAB.DAT contains the output of the TRWTAB.FTN.
BIG01R.DAT, BIGOII, BIGOID - Contain variables defined in the program and
their storage locations in the BIGOI arrays, as specified by EQUIVALENCE
statements.

The following files are used in the $INCLUDE statedents to handle
common blocks and equivalence statements.

TRWOOI.DAT
TRW002.DAT
TRW003.DAT
TRW004.DAT
TRWOO5.DAT
TRW006.DAT
TRW007.DAT
TRWOO8.DAT
TRWO09.DAT
TRWOO1O.DAT
TRWO011.DAT
TRWOO12.DAT
TRWCON.DAT
TRWCONST.DAT
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APPENDIX E
TRW PROGRAM SUBROUTINE NAMES AND CALLING SEQUENCES
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TABLE E-1.* SUBROUTINE NAMES AND CALLING SEQUENCES

AERO ~ )UFSISA NEWSTG SBITS
ffVABRO INTEEP SBITS TENSF2
AFC SBITS SDPROC
AMC DCUERR FSSCFU PWRON SBITS

SBITS TRIOIAT
APC DCUERR TRNSPO SSICFU-
INTERP INTERP GRAV STINIT SB ITS

GRAV
ALNON DERIV GRN RMNUI SSSCFU
MATRXI VMP SBITS
TRNMAT AUXI IMSALN RADAR
TRNSPO NOZZLE SBITS TRNSF3 STINIT
ENNUI THRUST ENNUL RMMUL

JDM, TRNMAT RCS
AUXI TRNSPO THRUST

AMC AERO RCSFM INTERP
INTERP IMSPLS CROSS

DMN4DC RMMUL TRNSF2
ATMENT SAF RGU

SDPROC IMSRSV TRNSF3
ATMEXT BATT RKUTTA

FSICFU IMSTST DERIV TRNSPO
ATMOS FSISA SBITS

FSSCFU ENNUL URN
AUXI SSICFU INTEEP
MATRXI SSSCFU ROTATE VANES
GRAV BURST JDM
RMMUL SBITS RAVERO VINP
MAGN OIDPRC MAGN RVBAS INTERP
ATMOS RVROLL

DOT MATEX1 RVPTCH WIND
AUX2 MAGN TRNMAT RVYAW INTKRP
MAGN ROTATE
MATRX2 DRAND RNNUL RVBAS
ENNUI TRNSPO INTERP

EBITS
BATT MATRX2 RVPTCH
SB ITS FLIGHT TRNMAT INTERP

RKUTTA
BITS AUX1 MAXBT RVROLL

AUX2 INTERP
BURST IMSALN NAVON

IMSPIS TRNMAT RVYAW
CMDPRC I14SRSV TRNSPO INTERP
SBITS ECU MATRXI

STINIT SAP
CROSS FSICFU GRAV SUITS
UNITY SUITS RIO(UL
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APPENDIX F
ORGANIZATION OF THE INTERP(INTERPOLATIOM) DATA TABLES
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APPENDIX F

ORGANIZATION OF THE INTERP(INTERPOLATION) DATA TABLES

An interpolation routine called INTERP forms the backbone of the TRW
program's aerodynamic simulator, and utilizes a large set of multidimen-
sional tables to generate its results. The multidimensional interpolation
process is straightforward and is described with the aid of the following
example.

Suppose that we have a table of pressures:

TABLE F-1. AERODYNAMIC PRESSURES

0 0.1 0.3 0.5 (bars)

and a table of temperatures,

TABLE F-2. AERODYNAMIC TEMPERATURES

10000 1300 °  1600*

The pressure and temperature are considerd to be independent variables.
Associated with these independent variables is a table (Table F-3) of aero-
dynamic coefficients, C:

TABLE F-3. AERODYNAMIC COEFFICIENTS

0.30021 0.30106 0.30028
0.30021 0.30176 0.30057
0.30021 0.30268 0.30081
0.30022 0.30345 0.30117

Now suppose that we are given pressure, P, - 0.3306 (bars) and
temperature, T, - 11160, and we want to interpolate to find the aerodynamic
coefficients that correspond to these values of pressure and temperature.
First, the interpolation routine tests the input pressure value P, against
the table of pressures and determines that the input value P, - 0.3306 lies
between 0.3 and 0.5. The location of the upper number - the "0.5" - is
read out and stored in a variable which might be labeled "PINDEX" for
Pressure INDEX. Since 0.5 is the fourth element in this independent
variable table, the number stored in PINDEX is a "4", and it is a pointer
to the interval in the independent variable table in which 0.3306 is
located.
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Next, the same operations are carried out for the temperature, using
the temperature table. Since the temperature lies between I000 and 1300,
the location of the 1300* value - location #2 - is stored in TINDEX
(Temperature INDEX) to designate the proper interpolation interval.

Finally, the two index values, 4 and 2, are used to locate the inter-
val around the 4th row and 2nd column of the dependent variable table of
aerodynamic coefficients (Table F-3). Then the pressure and temperature to
be evaluated, P - 0.3306 bars and T - 11160, are used to carry out the
actual interpolation, in order to obtain the interpolated values of the
aerodynamic coefficients.

In the listing of the INTERP subroutine's data output, the following
commands appear:

BEGIN
INDEPENDENT TABLE OUTPUT VARIABLE/

INPUT VARIABLE
DEPENDENT TABLE OUTPUT VARIABLE/

INPUT VARIABLE, INPUT VARIABLE
END.

At first, these were thought to be VAX 11/780 commands. Later, it
was determined that the TRW program contains its own data input processor
and logical analyzer, which reads and interprets input data tapes,
including the above statements. Apparently, these table definitions are
used only for printer output formatting. Using the example given above,
these statements would take the following form:

BEGIN
INDEPENDENT TABLE PINDEX/PRESUR
INDEPENDENT -TABLE TINDEX/TEMP
DEPENDENT_T ABLE AEROCO/PINDEX, TINDEX
END

When the results are printed out, AEROCO, standing for "Aerodynamic
Coefficients", would be printed at the top of the column listing the aero-
dynamic coefficient values which INTERP generates by table interpolation.
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APPENDIX G
FLOWCHART OF AN EARLY MAIN PROGRAM
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Figure G-1. FLowchart of Early MAIN Program (Continued).
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Figure G-1. Flowchart of Early MAIN Program (Continued).
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Figure G-1. Flowchart of Early MAIN Program (Continued).
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Figure G-1. Flowchart of Early MAIN Program (Continued).
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APPENDIX H
FLOWCHART OF THE SUBROUTINE SDCTRL

(SIX-DEGREE-OF-FREEDOM CONTROL) PROGRAM
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SDCTRL
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Figure H-1. Flowchart of SDCTRL Program.
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Figure H-1. Flowchart of SDCTRL Program (Continued).
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B CAAICALL STINT
IMSALN, INSPLS,
tHSKSV NOZZLE

FALSE ELSE TRUE

IF ISAA
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D E AA
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Figure H-1. Flowchart of SDCTRL Program (Continued).
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Figure H-1. Flowchart of SDCTRL Program (Continued).
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APPENDIX I
TRW PROGRAM OUTPUT VARIABLES
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TABLE I-1.* TRW PROGRAM OUTPUT VARIABLES

AEARTH. 51,OlP( 1)E'ILAT)PIAL EART'i RADIUS
A7 31GClPC 2)ALTTTU - -

A3T 3IGuIR( 3)ALTITJDS lF TARGSET
w.c*' I =BIG01R( ',)iNrTIAL CT' OFFSETT
DELTIM 3i41O19( 7)1CREENT r:O- LAST LACD IC EE ADDED SIMTIP
t 7-R - -'TG 01o ( 8-YT'7E-VARTA3-Li )D.EIATIrt S-
0LF'V iI501R( 2L)F:cZT STAI'z VANE DFFL. ANGLES-
OLRVV 7-IGOU241PV vAsS CEFL. Al'iGLS -

EFTODF 31GG1RC 2F~iARTM-F:X=-c TO)SI TRANSFORM1ATION "ATRIX
~.FTO'F 31301-R( 37)7-AFTPI-FIX:-D TO M:3S!LE TOANSFOP',AriO3N 4AT;?IX
EITOND ,ilC1R( -4)EAQTH-FI~.~ TO L3.CAL NED TOANSFORMATIN !'ATIIX
FRCSY ' i1 r^ C-3-95-RC S ' R U ST -V SC T --- r TT.NE -P
Gi iIG01R( O)GRAVITY VECTOR IN EARTH-FIXED FRAME

G4 3 1 G0 1 k( 631)
NiAD 3IG01RC o6)AZI)1IUTH OF MISSIL=E LONG!TUDINAL AXIS ON EL
LAL I I R C 74)LAT:TJD=E CF LAGJiC-A
LALA I31C75)LATTDE OF LAUNCH IN D:~ANS
L'IL 1 : G 7 14C 7c)LO-N2-1L5E 'Cr

)~. 101( 77)LONGS:TUDS Cc '--N1 IN AD'ANS
10 3T 0 1 ; C 73YMA:'v -NGINIE "dASS FL)W PIT7-

iv;FTDE F 3 13C01RC( 74)MISli,..E TOl iART-l FIXED TRANSFORMA'7ON MPATRIX
M!JDM 3ICu-l;( -eS)JrET u~y-"A'C rOM:T VE-CT)D V4 ' I3STLT FRAME
hAC SY 31 S0 1 P ( 1)RCS YWCVENT VI'CT:R IN 413SILE FRAME

WT 31C4P~~USIZTTRU'-S V~jASN7 V;-CT'OR MISIjLr F AmE
.. ,ZZTA 31101;( 77),40LZL= 0IVCr ICI\T LCCATION-X COMPONENT

1 3 01L 0ITC1, AN) Y-1, -D -ATE-P, ~ N
'' I '1CY)JE A' LE4-'1.ATFC'' TD WS, AND P

p 7, -. 1 RClk 1 )2)AT: PERIC42 SSUIJF

T4 3IJC13(11H)z'SIC 0C''LLSIV=E T ,UST V:ECTCR IN TISSILF FOAME
TEm 11 u a1-,27 T EAC OF :UPCNT STEP ('T~ 4- DELTI' )
T;L .IC(2)IEOF LIFT-)FF
TroqVS -1 2C11(12 4 T~ .7 RV 37-.ARA'13%

L SII C I ~V -= !C ZTY -I Kr P3ST LZ F5 --....

-1~;(2 AP )TATIC" 'ATr
X * STA 31 1 '(1 ; )rIS S T E-T-, N 3:NT M L CCAT:C-

X - j: (131) 'rcJ3S I T1.CN ' --- EA T -F I X D F -1A "
XL C 1R14)LALCq '031T-ON V=CTC N EARTH-F:X=D FqA~qE

A::IC1;(137)TAP-.ET '"1SIT2N, VLCTZ? 7N EAFT4I-FIXED FRA'4E

A L ir MA,' ~ I~~.)ITCH PL" C YOIE~j OF ANGLE OF ATTAC<
ALP4AT 30P1.TTLANGLE- CF- vrAT:AK
AiC&LA ii1I14)1 I. SMiNT CC=EFPIIE'NT TOANSFECO DISTANCE

AJL - 11(145)ALTITUDC OF LALN.'4
A:L -I1()AT~D )T-L4trC4

ETAw 3:s1 l 'l 7 YA~h ?LANE C )1"CNENT ',F 11 LE IF~ ATT~ACK
:;TDCT -i1C4)T!Y- ', E'IVATIVc .-F 3FTAv
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TABLE 1-1.* TRW PROGRAM OUTPUT VARIABLES (Continued)

CAT I3iC9)TL AS1PO. AXIAL FORCTz COEFFICIFIT
C.4 i3C100(1C)ASIC N3PIAL ;CRC-: COE=FFICIzENT
C1 -- 31 julR'C ThTTF I

C 1S TAT 3IGClR(151)TOTAL STATIC NCRMAL FORCE COEFFICIENT
CN T 2301z(TT5?YT01TAL AERO. NOiZ*,AL rCn=E CEFFICIFNT-
LPMr IG01R(153)TCTAL AEPO. PhTCHING vCvENT COEFFICIENT
C? MT--- -I 1~ T t 4 Y-T-.rAtA- R-7 .- W-IJLT-1 12 T COU!f PTCTtE-NT-
CS 3IGO1R(1i5)SPEID OF SCJND
CY- O C1 CSO 't C hT-
CYMvT 3:G3c1(157)TOTAL A=ERO. YAWING~ 'CMENr COEFFICIEN4T
CYTA-3!C t-3TTLS-*TC ST7h FORCE c7;:FTTCTrEN-T -

CYT 3I5C1R(159)TOTAL AERO. SID=- FCRCE O0EFFICIENT

DELTAP 3IU"1R(1,.1)E LIVALENT ROLL CITR'OL VANE DEFL.
)ELrA -iG1;1:EAI~-N dT!C"q CCNT.ROL VANE OEFL.
DELTAR 3I GlR(133)zL:VAL=NT YAv CONTOCL VANE DEFL.
ioLFSVP E-IGj1RC1i14)F1RST STAGE ROLL CCNTROL VANE D=FL.
DXC&RL !IiU1?(165)T1TAL AERO1. KOMENT CCEC. TPANSFER DISTANCE
DYNPR :3I3C1R(160)DYNAM:C PQESSJRH
-AITE 3I3Q1RC107)EL'LIPICI'TY )F cE4RTI

3 -A' %5I q (158)IA S EvRORS IN TOTAL AEz O.CC EF FIffcNTS
"P~SAF -iISO1R(174)F-JACT: CAL -RPORS Ili TCTAL AE40. CCEFFICIENTS

ES 3-31GFC1'Z)rAi EP.30 'N L)NTITLoI'JAL C1, POSIT-ION
:E?'SIE =:31P1.:IA Rie IN 'OCMENTS AND aRODCTjcS OF IN=ERTA

SI F R:~ ( 1 5 7 i ~C' N IAO 4IT 3 AN ) z PICJC TS C F INER T A
ES I 1 -c1P(1 3 AS :,14A IR )R
SV3 4 If C 1 Ri-l4-)~ ; OET A CR11 0 -C-EF. Df~ to AN DFL .

-P SF 2IOR(4) E~ N 1 ~ ~ ~ OF TO VAN'E DEF..
F A~l i C1 F( .~)A I FO 1CE7 V--Cr-t; :N 1w:SS7LE FAAE

F 0 z- 1'C ()3)m:STIE W'Im VzCTOR 1IN IITSSILE FPAME:

1 TENC T 3 u 1 .4 (215)T01= R.ATE CF 'O 4ANG C 'ACI1ETS OF INERTIA
L.~C jIU(1A ) E:FE' L:T --

Y A ' 3:, 1 R Z 1A :R). JvENT'~ A ;OJT MIS SILE AXES
MASS 31(4JSTmMSS ESTIAATE

-*SS V1~24 1IL ~ASS
,j S -.3 ; 17, A -XE.E' SY A; GENEOATOR

jI ~ ~ ~ (1 1, %i;7^R tAiSS L'I QiAT
r.-IIAP 31(2)E j. iLL AN3LI ASUED N A/P FRAME
P 4 19 ~IJO1 q(72 AEO 0 ROLL .AN17LE

P1 I Rv 4I 301 C Mui.C CTID 4 4C.OLL ANGaLE FOR INTSQRPCLATICN
R A4O ~I CR( Z 1 )ATMOS MR 1C D IN 31T Y
k ..-JVY- '3G:'- 1-F(U3&)LQcF / (. C *V;AT)

ri,'TrkNS 23C1R(234)-.wL'JD RY LAYE TR.'NSIT"If, PEY'CLOS NUM' =ER
s j cItz r I314 ( :7 cJ"'ArT IN C F F C CES 'Al 3SsIL~ Fp-Av'

~ ~ 1F3:)j~VT -N CC '"NTS 'Y, SiIL7E F44ME

T:S I ZI1-J.(2 ,2)TTV- ---OM EC.N) ST~rC IG','ITION
TZL, r) 1(-:
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TABLE I-1. TRW PROGRAM OUTPUT VARIABLES (Continued)

-EF 3AlL10(244)mISILE; 7FTAL VEL. P..T. EART4-FIXED FRAME
V4T r;1c7) NruECF 1AISSILS VELOCITY w..T AIR

v= 2ISClR(243),vISS:LE E4RTH-RE:LAT'Vc- V7..CCIrY
V E VELIEL.2ITT V=ECTO: -

VL lI.31RC4 9)MISSILE INE.RTIAL VELCCITY

v L.A T -iIGulq(Z51)VEHICLE LATITUD:-
VLOiq 1C3iVE-CL LKIT-
w E~ 2;31 P(253)W1!ND VECTOR IN EAITL4-FIKF FRAME

AEXIT :,I3U1R(3J9)N3Z!LE =XIT AR~EA
UIP TI-~ CTT :~TT 5 J:-P1TC-4F- C-'4ANlY
Dly E1(1)IS STA'1 NOZZLE YA4 COM!AN)
DZP -S YZL P:TCHcoiPA4pDo
0Y S:d~33sCN TACE N-aZZLE YAW COPM'AND

&.3T I1 34W 41P A1
0 32 I1 0 1 1 VAN - 2 C 3.J 44 D .--

3 4 3 : S 61 q -17)V VA% 4 C'4;AJD
C CF 'L-'-'CS -y w i-TT% j'C TcC;RS

.. FVD I~i1(32) ASTSTAGE VAN:- .N-UL.A3 2ATES
L? 3GIl;r- LZ Pr- CH ANGLE-

LN?D 3I3G1RCZ47?)Z:mE DIrZ", 4,N!ULA" RATE

D L NY JI-Q1N'1NZL Y A .. UA ~
-' 3I G li 5'") RV V A ANC- J LAR AFT 7S

C STA5E VI%7 ?CLL CIM-AAND
7 *~S 31 C ! 551 ;ZCT-.' T T!i - A Y.IV
P S T.-S 3:3Ol(-5c)T1PjST 31;S ~~

Ti SrCI 1 ,: (33:7)4A CT:CNzL E.7,4C 1 N I C.3 T4 RUST MA GITUD
.S 7F -':G01 ;.(%S)FACTC'lAL E0 :N' TwRjST

FqC j 3";1lP 36c)NC!PTh4L MA.,NITL_)E CF RC-S T11RUST FOR ITH J--T
U 3C1F f z74 C- .A V rY PArAMETER

S 3: ;Cl (3'c TU i - C D 2 c Z -N AL A. RA'O NI C
ZIIJCCIF( 77)Fufl 4o'A 31%C

z -;. I~ R(!79iC.4ACT=P:ST:, JET ~A1T~LENGTH POSITICI

-i 1 3 0(; -)m" v' V;:C TJ 3 IF Tit R:S JE-TS (-,- JE:TS)

.L IM ZS 13-li 4 )-C% ST4't~z NT'ZLE rOEFL. ANGLE LI !T

r3L 4 1 (4))'- LzEVzL P!EiSJP=
C)LA I (~41C :CZ "'v -',T -k 1 :1*0 )NtE' ALIN X AXIS

~3T A 113.1 R(411 C S LI'6%TtC%-X CC'MP KNT
2z , rv- AT W- , :' L AST N4CZZ'-E ANL-LE S CCAP'JT :D

~JA~ES SJ 1 P 4 21 ) T j A T W~C~LAS' VA14E A14GLSS CC'4PjT:ED
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TABLE I-1. TRW PROGRAM OUTPUT VARIABLES (Continued)

VLJI1RV I3cj1P(4273)V VANTE DrFL. AN _ LIMIT
*FSV lIl(L)!S STAJ-E VANE 1ATURAL :qREGJE.CY

*% 3IGR45)0Z_ ITCw~ NATURAL FR:.QJFNCY
3- 31 C '4 2 6)N 01Z ZL E YAmv 4ATU AL FRHQJE'JCY

i~vv Ji~t-Jq(427)RV VANIE NATURAL FREIUrNCY
X!'0--OT j 1- MI 11T -NT-!L 4 .iYZ L__P nsIf:D N - _ 1T H _E S ~ CT TO1 C M
Z~zTANP 3I'jh1RC431)N0OZL= 0ITCH DAMPING FACTOR
ETANYiR43~! YA4 DAAPING ;:?TOP -

-zTFSV ; IGC.1F( 4 33)FIOST STAIS VANE DA4P!NG FACTJR
ZTV_.AtG3ClU44)?V VAN.E DA~vING FWCT'3R

A I AS 1 01R 5 3 ) A C C E L IRME T _ ! 3A S ES
A; F T_ c3&T WAV 1-T AKL A C tE LE A TION^ _V 5CT _)
oPJ :I501R(45 )PRFVIOU 3AVITATIV^NAL ACCELER~ATION VE-CTOR

A-c) :O31RC4oZ)A::vu%*TH (YAW)RESCLVER CFFSET
~~71y r_. RCG"TALTTY P~r-SET

1)YX X1:C1C.5YT NO%'-TA-CGCNALITY CR-SET
E EL YTX -7T --61 A M. -,A "TT 'T+){3 N ~ A Ur-1 N Dr' J X_ At C =R C'4ETER S

2:L:X 31:5C14( 7)K NORT40OJNAL:TY BETWEEN Z AND X ACCSLEOETrRS
&LT Y_ -i:E1T4 EVEE'HI71AT 7 AND YACCELERCMETFIS

IF RST' INT ORIFTS-X, Yv AND Z
_-i OTw-477): NFU7 'ASS J%3ALA~:'CDOIFT&_-X, Yp AND Z
,IG1C'5) C-fPc ACCSLE'4ATI3N ALZJ' X CLUST=P
:1 1_C-77,T7J7 U7- A5 'IrTA4LA N 'E Dr :-T 1- X, Y f_ ~N Z

14j 31~A C 147) 2 A'( L 3- PJE- 1,1S P -A TF R-A TC PLATFI)RM
I~ss 1 ] --(_ 72 A _P:1DAC E L _z0M E~ 7 R1AS _STIM.ATE

:jA NIL-= -zASES FDR COSINE 4=SCLV=EPS
F!S AF C:c T~E '. PC SAL E 7; 4 1 r7AS C IS :NE -SL~ WE SLO

L3.: 0 ' I.R0 1%LATFCiM FIXED DRIFT ESTIMATES

~S F 3I':r1RC4_7) q R IN NE'2. ACCELER3mETEP SCALE FACrCR
S 0FT iJ1CC)'OIN ;CCE7 'C'ATE= '4C%,"RTA0GCNALT!Y

.2S?)F ~Ii1C2EFRIV DCS. ACEL7;0TcTP SCALE: FACTOR
~~e3~I~1PC )G~3ALAN3L:E 3IASES F',l SINE RESOLVEPS

:r~FG O1F~.)F,.C-CN ;PEC'4 IN 195 S:,N= RESCLVER v'EA3L4:_

A~r: _zSC10Ct'I1S TEST T:F
liT31F 1IC,(,7)Il-TA Ecr4E'A: TO IN;E:TIA*JEA;T-A TPANS.

~~ : -=Ril3A GAIN CL ;~'-~
L=P*)' 8 I SCALE E- POPS-XYZ

i~t 31i1 4TK * VF~~ ACCELERCWETE~SCAI
, L.3F NZGATIV LC'W 1,1 ACCE:LEROYETER SCALE
<) IC~(4 C LRM1E LOl. C TN 3IASrES-XfYpA%) Z

~ r41.,ri AIN 01TASES-X, Yp AND Z

KP~LSF 1Zi)3 IN l ', ZT:V:_ LCv 3A:N ACC. SCALE ACTOQ
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TABLE 1-1 * TRW PROGRAM OUTPUT VARIABLES (Continued)

L3T :%GI 5l)O IUE CF TIAGET
,*FT31R i IS01P(5 2)MISSILS TO__%rA1IL QEFT0'zKCE TRANS. IATPIX
10FTOND 3IGLlRC5?1)mlISlLE TO L.OCAL NED TRANS. mATRIX
MFTOFF iI5C1P(5SQ)MISSILE TO PLATFOR TRANS. MATRIX
PFTOIR 31% 1__RC5~')PLAT'FO2' TC IN._RTtAL REFtENCtE TRANS. -MATRIX

PR 3GIR(, 5)PICH RESOLVER OFFSET
VAUEO PRE-LAUNCH EULER ANGLE RATES

3CPCH 31GJ1F(o39)COSlN': IMS OITC'
SiR3 IGC F(61G)COSINE IM'S 2CLL

FCYAw ,IJ1e1)St IMS _YAd
ArEjL 3I1Rl(_12)LALNCH LOCAL =ARTH RADIUS.......
RE=T ?IGO1R(61Sl)TApGFT LOCAL EART9 RADIOS

RM :lG1(64)Hl_.I _AIN ACC6L= RV=TZQDRIFT-X AND Y
PLG I1(6eL GAINJ ACCELERCIETER )RIFT-X AND Y

46 33O1R(Q1.)ROLL ESLE P OFFSET- ____

R.iPCH iIGGlR (619) SIN z IMS OiTC.4_
t;3ROL ,z501QCt2G)Slh_ IMS PCLL-. - -

RiYAW iIG1R(o21)StNE 1PS YAW
I aoL v I 1 2,f qcE~lYTs fA WA R.' .EZV ATC 1 OF 0DEL1"T4A V -SENE = Y WXt5 V
.I1RD 3:a1R(Cc27)D=%VIATIC! PLATFORM~ DRIFT cPOM RANDCM E0qC;S

vL R 31(626)YISSILE VELOCITY IN I14ERTIAL 2EFEPENCE FRAPE
f~C29)" -!EIZ VEOT .0- PATFOgil FRAM-=

VPCLD __.,ClRCd32)PRZVIOL3 VEL.OCITY VECTOR SENSED PY I7PS
~.p 716 5) R Ei s Ocr- R F3 v r6 .. DFo L -

A~mA zsl 019(63t)TRANS 1ER FL 4vCTTON -R%'LL ANTSNNA ANGLE

ATHA 13ClF( ,3a)T'ANS. 9UNCT:ON -2ITC4 ANTE-NNA ANGLE
tX~c9)~~ rl~ ~MocU =QR9! 3)DSL

:P?,A 10P6CTAS FUNCTICN -OCLL ANJTENNA AIJGLE

=PSA i15(42)TAJS. FUNCTION -YAA 41NTEJNN ANG3LE
.-- nuc- -TV 4-7r' -TFUi-c r r o 1Cf NV~A 1

- __ 6i10A64)UPATiD I.cT.AL PCSTTI N-N* -:p AND D(PZ)
-(D rI~ 7) RR Q V - DC T T-lN NZ'h "TN'-= H EA A OWN

DTACrs 31 C1'(65C)Tlffc 3I!4CT ST4qT 3F DCU ACCUISITiON ATTEMPT

--9SCEI~ 3I O1R(C54)P'j .'114zAL EIASE3 PC! COSI44E RESILVERS

L'SFGR I13CI;(t C)F4AZT!C'iAL qC2 lN MISSILE Q3DY RATE MEASLRE
Q.1;I4SI 1flRCi3TPJ ZTWSALj GlrISECSNE~aV~
='SF4 2IOC1:IRo )cIACTICNAL RRC4 !h FJ SIEE RESOLVER MEASURE

SANT-. JmGL
F PSA 3I50lA(tl.5)T.?NlSFE4 FLNCTIO'N COZ'TANTYAW. ANT, A'IGLE

KTHk .3al~i67ANc_ FLNCT13N C3NST.AN-'PITC-4 AT. AIGLE

Pii ICif)'T STA~j. POL. RATE'
F, L ;1 t I1 S -_C 3N ST A' '3C&.L a4T
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TABLE I-1 * TRW PROGRAM OUTPUT VARIABLES (Continued)
114 -,IG01R(63!)9V EP/A3/3E RILL !ATE

?5OR~E.~S I LL RAT-" --

Fo _'51Rl(o35)QV A-3IS3 CLL RATI
Fm,'. ~ t(66)~ ROLL D~TV_ -- -

Pic 3I1A~t7)SAL YA' DI)VE
,1T -i~ 1TU ,qf6 3dTFr-I F 97- -STA 13- -FtTCiR ATF

QZ IG(O1R~ct)S_7CCND STASE PITCH RATE
Is~itc)~~LCSTAGE- 0 =RtWRATZ

4 3031RC01)RV EP/AS/S? PITC'.H RATS

GO I501R(t93)RV AEIS3 PITC-i RATE
.41 BI5O1R(694)FIRST STAG3E YAW RATS

A2 3IGO1RC59S)SECOND STAGE YAW RATE
R3 IC R C676)SINGLE--STAG!! YAW RAT'
R* 3I301R(t97)RV -zPIA3/SS YAW PAT=-
A- -R-8V-p YAW 4AT! -

., ;=-lPc)R AIS3 YA RATE
RA U _-:r,:vJTI7C-TljL: I 4GE-ITNAUr ~SSILE FA1JE
4CAPH 3IGClR(70:)CINI,_ ANT:14%3 PITCH4
RCAIL 3IG1P(7),4)CjSI,%.E Wr r LL N. - -1

R CAYi a '1R( 0SE A NT 'it% Y A
;A A P p~ ~~sN ANTENNA ->ITC-4
. SAiL ~3ClR(7lji)SIKN_ ATENNA ~~

o6G'R at1DlR(71C)STANDARD y-IT:. !F "ISCILE BODY RATE !EASUR
S .' )z A 2I._11'(711)STIADA.Z EYIAT:314 OF Rd RESOLVER PASUlEAENTS

I 4 3t1F(171:)SAL PITCHw DRIVE
T. XA C a 31ZOTP(713)MAX:1VUK T'-f:- -FC; ACILISITTC 4-'YW-DCL T'VTAL!iTU~e
TRUON 3I301PI714 -)T'*- AT WriICr R~ADAR UNjIT TURNi:D CN

3IGQ1R(71t)zEASIC P:TCIN3 MCN ENT COEFFICI=NT
C PY =-Z31P(717)PI.TCh:N5 00*4t-NT I DAV2'IC CEp:VATIVv_

Cm ?I3tlR(71l_)3A53C PLLIN M'WENT CCrFgICI=NT
-~ i_.lG'jT(7j1)zASIC ROL'JG 1pi3mINT D I4~~I~I/

C Y !A 3l~R7C)A! YAWNG 4'4ElT COEvPICIE4T
CYmR4-P 0 1J5FC2) N~4CJ C D-IQI T7VE-
CCAAE 3I5ClR(722)I'JCREmENTAL CA )U= TO AEPOELAS. =EFzCTS
L)C A DP Ti ?- IETk C A DUE TC D LTA;) VANE CSFL,
i;CAOG 31QjC724)i'NC'3SMETAL CA )UET TO DELTAC VANE2 DEFL.
0 C AO D AZ~IC~N4 CA -) UE TC D=ELTA-9 VANE D7'vL.
DCAPCF ;T31(2);)~TV 2A32 PRES:URE AXIAL FORCE COEF.
D C ASF i't(2)S1 ; ICTI4', L AXAL_ FDR.'T -C^EFFI IE'JT -

OCAVr* ,IlC0723)I'C3Ei'ENTAL CA )U= TC VANE MISALIGNMiENT

; l OP T 1 3f ( C73 :4 ~C ;= 4 TL C% U TO C ELTAP VANE D7EFL.
D 61 ; C 7 3 1'37) C i E M N T aL CIv'J =_E TC D =L.TA a -VANE VrF!Lv

oZNk JI50l1?(7326)IkC~cElNTAL C~ *vUE 'C D EL TA R VANE DEFL.
C%Vv 7t3102733 r:4C r' NTA. C14 ')U= TC-VAN= 'MISLISKME4T

D C PIA 7 34 ) 4C ' ,;1T IL CPF DIJ: TO ASOE'~LAS. EFFSCTS
;C P I V 3 1 01 C7 T3 ) NC R F 4'!1TAL C'v OJE TO D=-'TAP VANS OEFL.

D Z"PA C~ alC73)CWFTLC2,% Dj T , DELTAQ VANE_ )EFL.
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TABLE 1-1. TRW PROGRAM OUTPUT VARIABLES (Continued)
4 CP' L. 3-IGQ1A(737)INC"4E-ANTkL CP" DUE TO DEL'AD VAN!' DEFL.
)CYVM i C*M Du TO VANE MISALI.4T'SNT
)CR~rAE I3rC1TR'C737 IN 9C;ENTa1 _C'T' DJFT7 TEn=LAS. -EFFE,^rS
DCRID? 3IG01P(74011CREMENTAL C'!' DJE Tl DELTAP VANE DEFL.

DCR" ~T~ C7~)TIC~W!'TAI7CR!' DUE 'TO - riLTAQ VANE~EL
DCRADR 3I.SO1R(74Z)INClE4'T4L CR!' DUE To DELTAP VANE DEFL.
OCRTVNIGCTWC'7-)INCWRE'4ENTAL Cil,'WDJETO' V-ANE FTSALr-NpvNT-
)CYAE 3IG01R(744)INCR'lENTAL CV DUE TO AxROELAS. EFFECTS

,CVDU 2IGClR(746)1,CRZAENTA. CV 3L' "C CELTAI VANE CEFL.
DCYDR -34 G TF-747) TNtl--rEN'T-L CY D UfTCD-=U"TITAN4E- UFE.
DCYM~A= ZIGO1R(74Z)INCREMENTAL CV!' DUE TO ASRCELAS. =FFECTS
C Y 1D P 31G 0-TR(7 4 9) Iht- E.7TNT A L tY' DUE T-D IELTAF-VANE DEFL.

DCYOCI 3:G1l(75C)INCq='4ENTAL CVI' DUE TO DFL.TAG VANE OZFL.
0 1. n 3131 Ri C 7-1 I)N C tm a NTAV C"YVUYWTO 'JLTARW VAEFU-7-
DCYVA4 al'C1R(721NCEMENTAL CVYY DUE T) VANJE MISAL:.GQp._NT
GAMEz 3I1G1WRC757-)EAFTH;-RELATIVE--L1WT ANSUE WRT H4ORIZONTAL
00MT 3IijQ1RC73,)EzLFVATION CF LCS TO TARGET ART LOCAL ACR

-AX -. G U1(7 )L-HV ATI 3 - 113 r- _X K= JWVT L GC AL- ;f
4R E-IjClRC75Q'CJND RANCE LAUNCH POINT TO CURRENT ?;S.
GRT 3I1 TU (C7 1)-:CJID - _-Cz__1 -'"n l5T" TO -TAR GET-

licED)CT 1I501R(7613)EAPTH-RELATIV! VHLCCITY 11 LOCAL NED FRAmE
S3G 33171EFT4RLTV FLrI7T PATR ANGSLE WFT-NORT4
Z£IGT sI'0l1R(77Z)AZIM~UTH OF '.I.j-CFSIGHT TC TARGET

R 3G.1R(774)SLA4T RANG2, TO TAIGTT

V EL,1 3I C1R(73C)VEL. OF M'ISSILE RELATIVE TO AIR IN MISSILE
X 3 IGQ1R(7'4)"ISSILE POS. VECTOR IN )SSI*ED (TARGET)gRPA~E

XZ-D^T 3O1R(7. 7)MISSILS EAaTH-9ELATIVT VELCCITY IN EARTH4 FRAME
X7MEi- 3IGOIW(7C)P)SITION OF 10IS31LE RELATIVE TO TARGET IN E
D.C =EIGU1 0 (El?)Fry-D DRIFTS-X PV, AND Z

3JJCZ1D T A _m A6 1T L ) E 0 FIlNfP TI L L-V LOCft
)SM4AT 3z:GO1R(?.4)G-S:NSITlVE DRIFT CARTIAL D=ERIVATIVzE 4AT~lX

FjI S 3 1J'C1lRC 63 3) I MS FIX20 C :IFT RATE -

NSF IGC.1R(d3e)IMS NEGATIVE SCALE FACTURS.-Xr V AKD- Z
~ZJC1~~3;:& PITV SCALM FACTODS-X, VP ANDZ

')SDV ~.QR?2IS 0 iSIDUAL IFLTA V mEkSJPE'ENT
7YX f % ;!)I11M S kXlf CNRTii3CALIYVY 'TO X

4'SO1R?4 ' )IMS AXTS *NNORTrC3^NALITY-Z TO X
i.Y 11W_ 047 ) f AS -k 3N 45NLT- T3 V
.)VAG 31-S01R(348)MA NITLDE CF_ I!S TCIQUER RATE

,%%LDLX ii1073NlZE OENT ARWPCONPCNENlT ALONG X AXIS
SC Ai i')1 (3j)T:1. AT w-zICw P: 3 J:T ;*S TUP14ED OK

3IC S)L AGL- ATEG-A'TNNA TO '*ISS:LT FRA.*A.
'4..'_C~JL A D'4'E ACZS.-A%,TE:KiA TO %'ISSLLE FRAME

91



TABLE 1-1. TRW PROGRAM OUTPUT VARIABLES (Continued)
T3CPI 3I 01R(.;71)T!PZ ATWHI-CH CPI COPVAND- WAS REUxIVED
r3IFLj 3!GO11( 5 )FrRST STAGE IGNITICI FLAG
FSSFL3G 1I 59)FIRST STAGE Sz-PAQATICN FLAG
IDI - IGI i?) 3.INPUT -D13CRETE -WORD-I -

102 1GOI( 60 3 .NPUT DISCASTa WORtD 2
101- -3f~ lc 9) 0,6T- -IN';iUT TICETE WO)3
1.E 3 ISUlI( 70)DiZRIVATrvE= COYPUTATICNI COUNTEQ___

is~a BIG011C 72)FLISi'T SE'.L-=CE INDICATOR

CDZ 310i( ~ 0 lUTPU7 DISCISTE WORD 2

S.31F1.G 3IGO1C(113)SSCON:) STACE IGNITION FLAG

T~iik3PT 3IG51,'(113)THQUST OPTION (i-USE TSLV; 2-USF TVAC)
JDFLG_TIO1T(ZT3 JIT-tLAG __CC-_Na JbD-; 'I-J-D -

MSTOPT 34GC1j(2 27).'AS TA3L=E IPTIVON FLAG

AmMCGD SIG01I(435)CHTFU A4M COD:

ZiAFLG SIG01I(477)!ATTERY ACT:VATED FLAG

:iPwiD 2IG01I(439)SAF R=.2U1RS) EP WORD

FSAAFL _-I'GO1(441)FlQST STAGE ISNITIC%, S AND A APM FLAG

Iz;:FL 3I'."1:C443)?OC'ZT CCNFICG. (1-SINGL.- 2-TWC STASE)
I A4RT 1 a i r 41TSXF R ZJI T N FLG4C-TAlTItKS401
L3'W.0 !3GI(4.4)SAF llUIQ'ID LIFT-OFF WORD___

~1 ~ (43)- T LPJ C T U T---. --f W;
Pi C'i F :5,50I C/47)PAC K11 FAJLT FLAG

~V~ae~R IC~ )SF 1E.) IV SEFRA~r!C'N Wt9D_* --

T4'ImRD 3IGC1I(4;&)SAF R-=QJIFD TE'MINAL SE^.UENCE INITIATE W3RD
W'AFLG!31-UIIC4'CirVVT{AD A3*.ED -FLAG 2-*. -.

wr4cFLG 34v5jlI (451 )6A~wAD S'JR.;T FLAG___

C"RZ3V aI3C61I(407)CLEAR !*.S c'ELrA-V COUNTES FLAG
CAY~C~~ I~rcT F~AY;Sr.C tCA Si "lS tLA IO

1;4JI(13 3 INOT ()ISCqETr_ WCR.) 4
NDOLV '~oA : L~~N -Y, :

3S:_c1(5"z) 1) OLTPUT D!SC'ST WCP.Dp&
PO~ 3:jC1I(53.)P^4S:TIVi z S COJNT-X, y.- AND:

T4JTST z13C1I(o25)r4S TIRCUE; tITE TEST FLA~G
1'5 -7:1CIrC771) 3___ !PUT _D!SC2ST _WORD !

6J~~7 IPUT !O'SCqTE WOPO 6

MNFCNT 31 QI( 77):"Ajw'R F2AMS_ C.31.%rTT

,F.AFL 3G17,IxDATA READ =f 20CP-FLAG
mi T3N S.;GTI%754)AY %,A 0'v ;L AC_;LSTA51LIZE A4TxEN4A RSCEIVS)

313w z(7)5)0 ^L N FL;,' 92



TABLE I-I1. TRW PROGRAM OUTPUT VARIABLES (Continued)

FVwY3),.I 3r1UlC7-5)FrpST ST-A'E ,Y-DqAUL!C' SYSTSIA ON FLAI)

PWFL 31501I(7!)vISSlLZ~ P~wmR-CN4 FLAG
R C S-0147-CT~ ~ ~oTNrT. SY!TM "ON FLAG_-
*.UON 3IGCII(7 9)RACAP UNIT ON FLAG
SAY Or-N 314r C __ Y"ALIC SYST~c'f0TFU-AG-
vCS~iGl IC1I(7)VCS GAS ;iNEPAT;R NU 03S 1 INITIATE FLAG

WN'DOPT 3li.ClI(733)wIN) OPTIOCN; 0-'10 WINDSP 1-NEVP 2-HAy
aAuP.U WT1C~AT~CtIr CRO F-4OdACP _-

C.2LG L1G011(794)SAF CUTOFF FLAG
E"FG-T ~~-j5-A-EkT F=ET1ATCn FL7.AG~
FSAaRD 3IGClI(7q6)FIST STAGE _'NITIC N S AN) A i4ORD FRO~I PACP
F-4iA-Fr--r, i irc ,, TTm -rr-.E 1 -
FSA-.PD 3IGOlI(794)FIRST STAGE IIN!TTCIl 4cOR FROM PACP
FTSAF.. T1rXT-V791FIP-T- S AGE SEPARATICNJ 1A-0MED-PLAG -

FiSmaR) 31G.l(I C'0) FjfST STAGES_ PARATtCNj 40RD FROL PACP
FA F 3I'UC~1SF 0 ItT~~IG~

LOFLG 3I~15011BJ)SAF LIFT-3FP FLAG~
-- x~rI~c ~QN'1* SWO_0RD

lA: 31GIe4)NUF'97R 'IF FATTEly ACTIVATE -!ITS ACCJmULAT_=D
SA~-3I:(T53NJET F S: S-AND-A-37TS ACCiULATSD

N.FS. ~OF FIR3T STAGE I3NIT'CN* iITS ACCUMULATED

%SAFE~ lI01_3)~v4_ OF SAF SI1TS ACCLLAULATED

rs C 3vi F SFCOND S*TAG= SED. EITS ACCU'4ULATEC
SAF49S FIJiiVA V SE3. -FLA
SAFovD 3!,5(.(1)CRREJT SAF WDZC FROM PACP
551IAFL 731 T( 7 -- ) S SC ON ST;CGE TG4II3-!' A71.2EOFLA3
431OR2 1(146CN STAGE IGN4:T!CN W13RD RECEIVED FRQ4 "'ACP

JT!rT-T75 4_ TA S ~!A-A T 1 Ck 'A W Db FLAGS
~aO3liOli(-31t)SxCC\) 3TAG= SFOA;'ATION WORDP FPOM PACQ
T3IFL ~ ~ -F -I IXT)SFQIIL icuSKCE_ INlITIATE -L-AC

%0,2 31GC11C354) 0 ORSVICUS VALjE C: OUTCUT DI.TCRETE 404C 2
A C ' ;L G 31 'rTcT( 35-1,DPL A-C LI3Ir1~ FLA ' -

*3Jz) 3IGO1I(.-12) P17VICJ \pALUS OF CAUTPI,T DISCRETE 40;0 5

-. ,iiCC( 4)DISTANICE Fr)' EART41S CENTER

TjrIR ALCD 5Z.)T~vE- AT WH1ICH ~ ARIAIVS E Cl'"LTED
x 3O -:D(T7')TATZ V t '7 1,11 ANY-I VE-TORS-

3IC1C1!)2D CIiTE:2%EDIATSC)STATI VECTOR
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